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According to previous work along the western Atlantic Coastal Plain, 70% of 
molluscan species went extinct during a two pulsed event across the Plio-Pleistocene 
boundary; yet the nature of this extinction event is different north and south of the 
biogeographic boundary represented by Cape Hatteras, North Carolina.  Although the 
evolutionary effects of this extinction have been studied, the community-level ecological 
effects are poorly understood.  This research focuses on the confamilial predation of 
naticid snails and seeks to determine changes in the degree of cannibalism across the 
biogeographic boundary during the late Pliocene.  Float and museum collections of the 
Yorktown (Moore House Member) and Duplin Formations (sampling before the 
extinction) and the lower Waccamaw and Chowan River Formations (sampling after the 
first pulse of extinction) were used in this study.  Frequency of cannibalism per 
collection, and naticid size were analyzed.  Data were collected from 21 localities across 
the Coastal Plain of Virginia, North Carolina, and South Carolina representing 3 units 
north of Cape Hatteras, and three units south.  1,951 specimens were analyzed.  Results 
indicate that naticid cannibalism increases across the Plio-Pleistocene extinction and is 
greater north of the biogeographic boundary.  Results also indicate a statistically 
significant decrease in naticid size across the biogeographic boundary.  A statistically 
significant increase in maximum size occurred south of Cape Hatteras.  Additional 
analysis of community level data from Huntoon (1999) suggests that the observed 
increase in cannibalism was due to a decrease in preferred prey abundance.  These results 
suggest that naticid competition increased after the extinction event because of reduced 
preferred prey abundance which lead to an increase in cannibalism. 
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Introduction 
Approximately 2 million years ago, the Plio-Pleistocene extinction drastically 
decreased the diversity of the molluscan fauna in the western Atlantic during a pulsed 
event.  Previous research has suggested that this extinction event may have been due to 
local cooling as glaciers expanded (Stanley, 1986).  Other authors have contended that 
the Plio-Pleistocene extinction was caused by a decline in primary productivity in the 
western Atlantic (Allmon, 2001; Todd et al., 2002).  Although mollusk diversity has 
increased in the western Atlantic, many taxa do not inhabit the same geographic range 
they did before the extinction event.  During the Pliocene, sub-tropical species ranged far 
north of their current habitats, into Virginia and Maryland (Allmon et al., 1993).  Yet 
today, these species are confined south of a biogeographic boundary represented by Cape 
Hatteras, North Carolina.  This suggests that there may be a fundamental difference in the 
extinction event north and south of the biogeographic boundary.  North of this boundary 
extinction without origination is thought to have occurred, while south of the boundary, 
paleocommunities experienced both (Allmon et al., 1996b). 
This study reconstructs ecological interactions among members of the Naticidae, 
a family of marine drilling snails across the Plio-Pleistocene extinction and across the 
biogeographic boundary at Cape Hatteras, North Carolina.  Naticids are a common 
organism in modern and Plio-Pleistocene marine benthic environment; previous research 
has shown that common species can be used to identify ecological changes in the makeup 
of a community because the variability of common species can be detected across space 
more easily than rare taxa (Pearman and Webber, 2007).  This study will use Naticidae to 
examine changes in cannibalism among Naticidae across the Plio-Pleistocene and 
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biogeographic boundaries.  For the purposes of this research cannibalism will be defined 
as confamilial predation, predation within the family Naticidae.   
This research provides an understanding of how ecological interactions change 
across an extinction event and defines a baseline for confamilial naticid predator-prey 
interactions across the Plio-Pleistocene and biogeographic boundaries.  Environmental 
changes due to human impact such as global warming have caused diversity to decline in 
modern marine settings.  Understanding the ecological interactions among organisms of 
these systems prior to human interaction is necessary to manage the response of the 
ecosystem (Novacek and Cleland, 2001).  This information may allow us to predict and 
react to our current biodiversity crisis in more efficient ways by allowing us to interpret 
how changes in ecological interactions among organisms will affect an ecosystem. 
Plio-Pleistocene Extinction 
The Plio-Pleistocene extinction was a regional, 2 pulsed extinction event that 
affected marine organisms such as mollusks, corals, bryozoans, and planktonic and 
benthic foraminifera (Budd and Miller, 2001; Cheetham, 1986; Hayward, 2002; Raffi et 
al., 1985; Svenning, 2003).  It resulted in a drastic decrease in species diversity in the 
Western Atlantic; 70 percent of mollusk species went extinct during this event (Allmon et 
al., 1996b).  Geographic differences govern the surviving lineages; sub-tropical species 
are confined to areas south of Cape Hatteras, North Carolina, while temperate species 
reside in habitats north of this biogeographic boundary.  Research performed in Virginia 
and Florida has shown a discontinuity between surviving taxa; lower species richness 
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exists north of Cape Hatteras (Allmon et al., 1996b).  Stanley and Campbell (1981) 
indicate that almost double the number of species of mollusks appear in the fossil record 
than exist in the live assemblage in Virginia.  Petuch (1995) also found that the species 
diversity within gastropod families decreased drastically across the Plio-Pleistocene in 
Florida.   His results indicated a two-phased extinction caused by a combination of 
cooling and lower productivity.
The molluscan fauna began to recover in species richness in the western Atlantic 
during the Pleistocene; however, Recent diversity still has not equaled the diversity from 
the Pliocene.  This difference has prompted Allmon et al. (1996b) to suggest that areas 
south of Cape Hatteras, North Carolina have recovered in diversity, while faunas north of 
Cape Hatteras have remained depauperate.  This is hypothesized to be due to a diversion 
of the Gulf Stream close to Cape Hatteras.  Warm Gulf Stream water travel up the eastern 
coast of North America until they reach Cape Hatteras, where the Gulf Steam is rerouted 
offshore (Berggren and Hollister, 1977).  During the Pliocene, warmer waters allowed 
sub-tropical species to range northward into Virginia, but these species have subsequently 
have gone extinct in these areas due to cooling.  Little work has been done comparing 
ecological interactions across Cape Hatteras, North Carolina during the Plio-Pleistocene 
extinction. 
Taxonomic vs. Ecological Patterns Across Extinctions 
An extinction event affects not only species richness, but also the ecological 
interactions among organisms.  A change in either species richness or ecological 
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interactions can alter community structure; the survivors of an extinction event often 
change the environment once the victims are gone.  To investigate these changes, it is 
necessary to collect data beyond taxonomic richness (Roy, 1996).  This is important 
because faunal turnover and changes in ecological interactions are non-linear, such that 
small changes in ecology can occur during large extinction events and large changes in 
ecology can occur during small extinction events (Plotnick and McKinney, 1993). 
Droser et al. (2000) found a decoupling of taxonomic and ecological severity for 
the end-Ordovician and Late Devonian mass extinctions.  The authors developed a 
ranking system of ecological severity from 1 to 4 to compare different aspects of mass 
extinctions ranging from minor community level changes (level 4) to the appearance of a 
new ecosystem (level 1).  Analysis showed that while the end-Ordovician mass extinction 
resulted in the second greatest family level loss of diversity, the ecological changes 
associated with the extinction event were minor.  Victims of the extinction were replaced 
by successors inhabiting similar ecological roles.  In contrast, the Late Devonian mass 
extinction resulted in a less severe change in species richness but second-level changes.
Investigating the ecological patterns of an ecosystem after an extinction event can 
provide a more complete understanding of how the extinction event affected the 
community.  For example, while mollusk diversity changed little after the Late Triassic 
extinction in the United Kingdom, there were large changes in the ecology of the 
ecosystem (Mander et al., 2008).  After the late Triassic extinction event, samples are 
characterized by assemblages with lower abundances, lower diversity, and lower 
evenness.  In these cases, large ecological change occurred with small faunal turnover. 
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Layou (2009) examined paleocommunity-level data to investigate paleoecological 
changes during a regional extinction event during the Ordovician.  The results showed 
that, despite a moderate decrease in diversity, evenness did not vary greatly.  This 
suggests that the relative structure of the community remained similar pre- and post- 
extinction.  This shows that spatial scale does not change the decoupling of taxonomic 
and ecological severity.  These differences occur both on a global and a regional scale. 
Research in modern benthic systems suggests that small changes in taxonomic 
diversity or abundance could have large effects on ecology.  Solan et al. (2004) used a 
computer model to determine how rates of bioturbation would vary as benthic species 
went extinct.  They found that the changes in bioturbation were dependent on the order in 
which the species went extinct and that extinction events representing the same loss of 
taxonomic diversity would result in different changes in ecology.  This study investigates 
a portion of those changes.  While the taxonomic changes of the Plio-Pleistocene 
extinction have been documented (Allmon et al., 1996b; Petuch, 1995; Stanley, 1986), 
the ecological interactions associated with the extinction event have not been as 
extensively studied.
Researchers can also use the fossil record to investigate changes in the behaviors 
associated with ecological interactions.  Recent work examining changes in the behavior 
of paleo-organisms shows how an extinction event can affect interactions between two 
organisms without the extinction of either taxon.  An example of such work was done by 
Dietl et al. (2004) who used fossil data in combination with live experiments to show that 
feeding behavior of muricid snails changed after the Plio-Pleistocene extinction in 
Florida.  The researchers placed muricid snails in low-competition and high-competition 
11
regimes with bivalve prey.  In the low-competition tanks, the muricids exhibited similar 
behaviors to modern muricid snails in the wild; however, in the high-competition tanks, 
the snail’s behavior changed from umbo drilling to edge-drilling.  Edge-drilling is a 
faster, but risky procedure because of the possibility that the clam can damage the 
proboscis by clamping down.  Next the researchers investigated the fossil record of 
muricid predation across the Plio-Pleistocene extinction by calculating the percentage of 
shells drilled at the umbo or edge in the Pliocene and Pleistocene.  While edge-drilling 
during the Pliocene occurred, no record of edge-drilling existed during the Pleistocene.  
Using the information from the live experiments, the researchers inferred that edge-
drilling is a sign of high competition and that the lack of edge drills during the 
Pleistocene suggests that the competitive regime of the ecosystem was higher during the 
Pliocene.  
Naticid Cannibalism 
According to Polis (1981), cannibalism can be classified as an extreme form of 
interference competition, lowering the fitness of one individual through the predatory 
actions of another member of the species.  Fox  (1975a)  indicated that cannibalism is a 
“normal phenomenon in many natural populations.”  Many taxa including several species 
of fish, arthropods, and even mammals practice forms of cannibalism (Polis, 1981).  
Cannibals gain nourishment, reduce competition for food or shelter resources, and 
eliminate competitor’s genes from the gene pool by preying on another member of the 
species (Kelley and Hansen, 2007; Polis, 1981).  Theoretical (Kelley, 1991), and 
experimental work (Claessen et al., 2000; Rudolf, 2008) suggest that cannibalism may be 
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used as a proxy for competition because cannibalism often occurs as essential resources 
become scarcer.  It has been suggested that as prey abundance decreases or predator 
abundance increases, cannibalism helps reduce the predator population to stable levels 
(Claessen et al., 2000).  Cannibalism by naticid snails has been shown to take place in 
nature and may be a result of prey selection to maximize energy gain per unit foraging 
time as shown by cost-benefit ratios (Kelley, 1991; Kelley and Hansen, 2007).  These 
suggest that it is sometimes more beneficial for naticids to prey upon another member of 
their family then a species of bivalve. 
Naticids are carnivorous, infaunal predators of mollusks, burrowing through 
marine sediments to drill into the shells of bivalves and gastropods (Kelley et al., 2001) 
(Figure 1).  Naticids envelop their prey item in their foot and drill a typically beveled 
hole into the shell using a combination of rasping radula and acids (Kelley et al., 2001).
This process can take anywhere from several hours to several days.  The naticid then uses 
its proboscis to digest the prey item.  This drilling behavior is preserved readily in the 
fossil record and can be used to determine patterns of predation in the past (Kitchell et al., 
1981).  Some research has concluded that drilled shells are more likely to be destroyed 
than whole shells (Roy et al., 1994); however, it is unlikely that the rates of this 
taphonomic process changed across the Plio-Pleistocene extinction and would affect 
comparisons of drilling frequency.  Dietl and Alexander (2000) investigated changes in 
drilling location in confamilial naticid prey.  The researchers found that drilling position 
changed over time to both cover the prey’s aperture and reduce the risk of prey escape 
and subsequent drilling of the predator.  This previous work suggests that variation in 
community-level dynamics can be preserved in the drilling record of naticid snails. 
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Figure 1: Picture of a 
sample of naticids 
including Euspira heros 
and Neverita duplicata.
Figure 2:  Geologic map of the Coastal 
Plain (Grey and Yellow) ranging from 




This study addresses several aspects of confamilial ecological interactions among 
naticid snails.  The questions governing this research include: 
1. What was the frequency of cannibalism across the Plio-Pleistocene 
boundary and across the biogeographic boundary at Cape Hatteras?   
2. Does naticid body size change across the Plio-Pleistocene and across the 
biogeographic boundary at Cape Hatteras?   
3. Does naticid size influence frequencies of cannibalism? 
Geologic Setting 
Data were collected from several localities across the Atlantic Coastal Plain of 
North Carolina, South Caroline, and Virginia (Figure 2).  The Atlantic Coastal Plain is a 
low-lying physiographic province adjacent to the Atlantic Ocean, and stretches from New 
Jersey to Florida.  During the Plio-Pleistocene, deposition within shallow marine basins 
along the Coastal Plain was dominated by siliciclastic sedimentation.  This project 
focused on three stratigraphic units north of Cape Hatteras, North Carolina: the 
Yorktown, Chowan River, and James City Formations, and three stratigraphic units south 
of Cape Hatteras: the Duplin, lower Waccamaw, and upper Waccamaw Formations 
(Figure 3).  The Yorktown Formation correlates with the Duplin Formation, the Chowan 
River Formation correlates with the lower Waccamaw Formation, and the James City 
Formation correlates with the upper Waccamaw Formation, however, the correlations of 
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these units are not completely understood.  For this reason, analyses comparing each unit 
across the biogeographic boundary were not done.  These units represent a time interval 
from the Late Pliocene to the Early Pleistocene.  These stratigraphic units are bounded by 
unconformities. ?
 The Yorktown Formation extends from Maryland into northern North Carolina, 
and consists of several varying lithological units (Johnson et al., 2001).  Ward and 
Blackwelder (1980) divided the Yorktown into four members: the Sunken Meadow, 
Rushmere, Mogarts Beach, and Moore House Members.  This study focuses on the 
Moore House Member of the Yorktown Formation.  The measured type section of the 
Moore House Member contains a calcareous upper layer of orange shell hash with some 
fine quartz sand and a very fossiliferous lower layer of tan, clayey calcareous sand 
(Johnson et al., 2001; Ward and Blackwelder, 1980).  The mollusks of the Moore House 
Member include generally sub-tropical taxa; this represents the last appearance of these 
sub-tropical species in the fossil record north of Cape Hatteras (Krantz, 1990).  The 
Moore House Member is geographically restricted to southeastern Virginia.  Moore 
House Member sediments represent shallow water depths with high current and wave 
energies (Ward, 2008).   Molluscan assemblages indicate normal salinities; however, 
some taxa found in the Moore House Member are known to live in brackish-water 
environments. 
 The Chowan River Formation is considered either late Pliocene or early 
Pleistocene in age.  It is exposed mostly along the Chowan River in North Carolina; 
however, the Chowan River Formation does occur in southeastern Virginia (Ward, 2008).  
The Chowan River Formation is divided into two members, the lower Edenhouse 
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Member and the upper Colerain Beach Member (Blackwelder, 1981).  The Edenhouse 
Member contains shelly, silty sands that are partially bioturbated.  Two layers are present 
in the Edenhouse, a lower layer of shelly, poorly sorted, blue-green, medium quartz sand, 
and an upper layer of yellow, slightly shelly, fine to medium quartz sand (Blackwelder, 
1981).  The Colerain Beach Member contains yellowish gray micaceous clay, silt, and 
find subangular sand with lenses of fossils.  A pebbly to bouldery unconformity rests on 
the Yorktown at the base of the Chowan River Formation with interbedded silty fine 
sand, clayey silt, and biofragmental sand lying on top of this base (Ward, 2008).  Fossils 
indicate that the Edenhouse Member was deposited in the shallow subtidal zone during 
marine regression.  This trend continues into the Colerain Beach Member (Blackwelder, 
1981).  A warm water fauna is present in the Chowan River Formation, including body 
fossils and trace fossils such as burrows (Krantz, 1990). 
 The James City Formation is considered to be early Pleistocene in age and is 
primarily exposed in northern North Carolina.  The formation is composed primarily of 
unconsolidated calcareous sandy clays and argillaceous sands (DuBar and Solliday, 
1963).  These fine-to medium-grained quartz sands are blue-grey in color when fresh, and 
yellow-brown to red-brown when weathered.  All units contain well-preserved fossil 
material.  The James City Formation was deposited during a transgression related to 
global warming and melting ice (Blackwelder, 1981). 
 The Duplin Formation is present south of Cape Hatteras and corresponds to the 
Yorktown Formation, although evidence indicates that it was deposited in warmer waters 
(Richards, 1950).  It extends from North Carolina into South Carolina.  The Duplin is 
highly fossiliferous and contains very well-preserved fossils in a matrix of fragmented 
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shells (DuBar et al., 1974).  The color of these deposits ranges from golden-yellow to 
bluish-grey.  Noncalcareous sediments occur between lenses of fossils, and are made up 
of well to poorly sorted clayey sands and clays.  It appears that, like the Moore House 
Member of the Yorktown Formation, the Duplin Formation was deposited during a 
regression of sea level. 
 The Waccamaw Formation is thought to be Pliocene to Pleistocene in age and 
may correspond to the Chowan River and James City Formations.  It occurs in North 
Carolina from the Cape Fear River into South Carolina (Johnson et al., 2001).  The lower 
Waccamaw is moderately well-sorted, clay and very fine to fine sands (DuBar et al., 
1974) and is highly fossiliferous with well-preserved molluscan assemblages.  Fresh 
exposures are bluish-grey while weathered material is orange or brown in color.  The 
lower Waccamaw sediments grade into the upper Waccamaw layer with relatively few 
fossils.  Species richness decreases drastically in the upper Waccamaw.  These sediments 
consist of fine to medium quartz sands interbedded with clayey sands and clays.  Faunal 
evidence indicates that the Waccamaw Formation was deposited in a range of shallow 
subtidal marine to brackish water environments. 
 These units represent different depositional environments as transgressions and 
regressions occurred across these areas.  These different environments may affect the 
frequency of cannibalism across the extinction event and the biogeographic boundary.
However, previous research has suggested that the spatial variability of naticids drilling 
was not related to substrate type, indicating that drilling frequency is not affected by 
environment (Hansen and Kelley, 1995).  This suggests that naticids cannibalism can be 
investigated among these units regardless of environmental conditions. 
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Figure 3: Correlation chart showing the stratigraphic units 
used in this study.  Chart from W.B. Harris.
Table 1: Sampling effect for stratigraphic units north and south of Cape Hatteras.  Local-
ity name: number of specimens, taxonomic richness per locality.  
 
 Yorktown Formation 
Moore House Member 
Chowan River 
Formation 




Chuckatuck: 92, 6 
Rice’s Pit: 73, 6 
Brant’s Pit: 99, 6 
Gomez Pit: 35, 2 Baven Hill: 22, 1 
Neuse River 1432: 33, 2 
Neuse River 1442: 20, 1 







Lumber River: 53, 4 
Rayzor’s Farm: 53, 5 
Tar Heel River: 29, 3 
Kirby Pond: 103, 5 
Old Dock: 23, 2 
Register Quarry: 64, 4 
Elizabethtown: 20, 2 
Acme 1446: 99, 5 
Acme 112: 117, 5 
TU 870: 76, 3 
Old Dock (Petit): 115, 4 
Crescent Beach: 513, 3 
Snake Island: 100, 4 
Wilmington: 64, 4 
Walker’s Bluff: 30, 1 




 Samples were collected from stratigraphic units before the Plio-Pleistocene 
extinction north and south of the biogeographic boundary represented by Cape Hatteras, 
after the first pulse of extinction north and south of Cape Hatteras, and after the second 
pulse of extinction north and south of Cape Hatteras.  This allowed analysis of ecological 
interactions across the extinction event. 
Field Methods 
 Naticids were float collected at two sites in North Carolina: Register Quarry 
(Figure 4) (lower Waccamaw Formation), and the Tar Heel River (Duplin Formation), 
and were sieved collected at the Lumber River locality (Duplin Formation) (Table 1).  
Register Quarry is located south of Cape Hatteras in North Carolina and is approximately 
100m long by 50m wide.  Naticids were collected from slump material located around the 
edges of the quarry.  The outcrop at the Tar Heel River is located south of Cape Hatteras 
in North Carolina and is approximately 40m long and 30m high.  The fossiliferous 
Duplin Formation material is located at the top of the outcrop.  Naticids were collected 
from the slump material along the length of the outcrop.  At Register Quarry and the Tar 
Heel River, researchers walked around the outcrop and collected all naticids observed.
The Lumber River outcrop is located south of Cape Hatteras in North Carolina near the 
town of Lumberton.  The locality is a river cut approximately 12m long by 5m high.  
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Naticids were sieved out of the sediment along the river because the outcrop is much 
smaller.  Every specimen was collected regardless of the size or quality of preservation.
Museum Collections 
Twenty-one float and bulk-collected samples from museum collections were 
processed in addition to field-collected samples.  Samples from the Paleontological 
Research Institute, the Virginia Museum of Natural History, the Florida Museum of 
Natural History, and the Smithsonian Museum of Natural History were used.  All 
samples contained at least 20 naticid specimens.  A map of all field and museum-based 
collection localities used in this study is below (Figure 5).  
Sample Processing 
All naticids were identified to the species level using Coastal Plain monographs 
(Campbell, 1996; Ray, 1987).  Each specimen was measured using digital calipers to 
determine length, height, and thickness in millimeters to the hundreds place (Figure 6).  
Outer and inner drill hole diameters were measured in specimens exhibiting drill holes 
(Figure 6).  All specimens judged to be less than 85 percent complete were excluded from 
this study.  Taxa identified in this study included: Neverita duplicata, Euspira heros, 
Naticarius canrena, Tectonatica pusilla, Lunatia interna, Lunatia perspectiva, Polinices 
sp.,  and Sinum chesapeakensis.
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Data Analysis 
Data were used to determine the frequency of cannibalism, average size, and 
maximum size for each sample and for size-specific ranges within a sample.  
Cannibalism frequency for a sample was calculated by dividing the total number of 
drilled naticids in a sample by the total number of naticids in the sample.  The geometric 
mean of body size for each individual specimen was calculated as the square root of the 
shell length multiplied by the shell height.  Average and maximum size for the sample 
were calculated using this geometric mean.   All data analyses were done in Microsoft 
Excel and SPSS version 16.0. 
 Cannibalism frequency data were non-normally distributed and a square root 
transformation was used to normalize the data.  The mean cannibalism frequency rates 
for the Pliocene and Pleistocene and north and south of the biogeographic boundary were 
calculated.   
In order to control for the large variation in sample size (from 75 individuals 
during the Pleistocene in the north to 1127 individuals during the Pliocene in the south), a 
resampling procedure was used.  Resampling was completed using the sample function in 
R (R Core Development Team, 2005).  Resampling was done with replacement and was 
standardized to the smallest sample size of 75 snail specimens.  The presented results are 
based on 1000 replicate samples of 75 snail specimens across all localities within each 
time bin north and south of the geographic boundary.  Samples were compared across 
geographic province and epoch using t-tests.
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 To test the relationship between naticid size and rate of cannibalism external drill 
hole diameter was used as a proxy for predator size.  Naticid drill hole diameters were 
grouped into 1 mm size classes (0-1 mm, 1-2 mm, 2-3 mm, 3-4 mm, 4-5 mm, and 5-6 
mm) to create different bins of predator size.  Because naticids cannot cannibalize 
individuals that are too large and rarely drill individuals too small to provide sufficient 
nutrition, a potential prey size range was created for each drill hole class (Dietl, 2008).  
The potential prey size range was defined as the specimens with a geometric mean 
between the smallest and the largest sized drill hole in the predator class.  Frequency of 
cannibalism was then calculated for each size class of drill hole by dividing the number 
of drilled specimens of a size class by the potential size range.  This created a 
cannibalism frequency for each size class of drill hole.  The overall frequency of 
cannibalism for all drill hole classes was used as the expected value. 
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NLocality A : 1442 Acme, 112 Acme, Old Dock, Old Dock (Petit), TU 870, Snake Island, Register Quarry.
Locality B: Neuse River 1432, Neuse River 1442, Baven Hill
Locality C: Tar Heel and Elizabethtown
Locality D: Lumber River and Razier Farm
Figure 5: Sites from field and museum collections.  The yellow line represents the 
biogeographic boundary at Cape Hatteras.  Yellow circles represent localities (2 
localities are excluded because they lacked specific location information).  Map from 
Google Earth.
Figure 4: Photo of a stratigraphic 




Figure 6: Euspira heros with a naticid drill hole.  Length, height, 
thickness, inner drill hole diameter, and outer drill hole diameter 
were measured on each specimen.
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Results
Frequency of Cannibalism across the Plio-Pleistocene and Biogeographic Boundaries 
Results showed a general trend of increasing cannibalism across the Plio-
Pleistocene extinction and a greater frequency of cannibalism in the north across the 
biogeographic boundary at Cape Hatteras, North Carolina.  Frequency of cannibalism 
data were first divided across the extinction event and across the biogeographic boundary 
using the entire data set.  The frequency of cannibalism analysis across the Plio-
Pleistocene (Figure 7) extinction includes localities both north and south of Cape 
Hatteras, North Carolina, and frequency of cannibalism analysis across the biogeographic 
boundary (Figure 8) includes localities from the Pliocene and the Pleistocene.  To test for 
statistical significance, an ANOVA was used with size defined as a covariate.  This 
attempts to remove any size-specific effects of cannibalism from the analysis.  Both of 
these results were statistically significant, indicating that cannibalism became more 
common after the extinction event and more common north of Cape Hatteras than south.
These results are suggestive of an increase in competition across these boundaries.  An 
increase in the competitive regime could result from an increase in the number of naticids 
relative to prey items or a decrease in abundance of alternative prey taxa.  Cannibalism 
can be beneficial or detrimental to a species.  During times when food resources are 
scarce, cannibalism gives an organism another set of resources they can draw upon for 
nourishment.  If one member of a species is cannibalistic and the other is not, then the 
potential pool of prey becomes larger for the cannibal.   
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When environmental stresses are high, cannibalism can help lower the abundance 
of predators to an appropriate carrying capacity.  This helps reduce the competition for 
the diminishing food resources.  In turn, genes that promote cannibalism would be passed 
on to the next generation as cannibals survived harsh environmental conditions and non-
cannibals died from starvation.  This benefit could drive levels of cannibalism to 
increase.  During times when food resources are plenty, however, cannibalism could be 
harmful to a species.  While cannibalism may impart the same advantages during times of 
plenty as times of scarcity, species that persist at high rates of cannibalism when 
alternative prey are present could cannibalize themselves to extinction.  In addition, 
cannibalism is inherently dangerous because previous work has demonstrated that prey 
have the ability to kill predators (Dietl and Alexander, 2000).  During times when 
alternative prey are abundant, attempting to cannibalize another individual could end a 
naticid’s chance to reproduce.  More aggressive naticids which would tend to cannibalize 
more than others would be at a higher risk of becoming cannibalized because of increased 
contact with other naticids.  This could drive levels of cannibalism to decrease as naticids 
which practiced high levels of cannibalism were subsequently cannibalized and removed 
from the gene pool producing fewer offspring than less aggressive naticids.  It is 
interesting to note that this process would not remove cannibalism from naticid 
populations entirely, only increase or decrease the frequency of cannibalism.  
Cannibalism would still be necessary to control more aggressive naticids or populations 
would be preyed upon highly by a small group of hyper-cannibalistic naticids.  These 
results may suggest that an increase in competitive regime occurred during the 
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Pleistocene and north of Cape Hatteras.  This may be due to a decrease in prey abundance 
across the extinction event.   
 The increase in cannibalism seen across these boundaries could also be a result of 
sampling strategy or sample size.  While naticids are not a rare species, their abundance 
in bulk samples is low.  A combination of float sampling and bulk sampling was chosen 
for this study because it was unlikely that a sufficient number of individual naticids 
would be collected through bulk sampling alone.  However, this introduces a problem 
into the data set; many of the samples were collected non-randomly.  While efforts were 
made to ensure that sampling was completed randomly by collecting all naticids, 
regardless of preservation or size, bias may have been introduced into the sampling.  For 
example, small naticids are much harder to find than large naticids, small naticids may 
not have been sampled at localities which were float collected.  In addition, most of the 
samples used in this study were museum samples and the exact procedure for the 
collection of naticids is unknown.  The difference between bulk and float sampling across 
the Plio-Pleistocene or biogeographic boundaries could be investigated by examining 
naticid data from bulk sampling. 
 Sample size could also account for the changes in frequency of cannibalism.
While samples from south of Cape Hatteras during the Pliocene were plentiful, samples 
north of Cape Hatteras during the Pleistocene were rare, exhibiting only 75 individuals 
among 3 localities.  With such a small sample size, it is possible to inflate the frequency 
of cannibalism by randomly picking an abnormally high number of drilled specimens.  
This may mean that the high rate of cannibalism during the Pleistocene and north of Cape 
Hatteras is not a real biological signal and may in fact be due to low sampling size.  This 
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problem could be addressed by increasing the sample size or performing a resampling 
procedure.
Because this analysis spans either the Plio-Pleistocene or biogeographic 
boundaries, these results are not able to finely distinguish between frequency of 
cannibalism during the Pliocene and Pleistocene, north and south of Cape Hatteras.  The 
comparison of the Pliocene to the Pleistocene units (Figure 7) includes localities from 
north and south of Cape Hatteras, and the comparison across Cape Hatteras (Figure 8) 
includes units from the Pliocene and Pleistocene.  Therefore, it is necessary to further 
subdivide these units to distinguish patterns of cannibalism across these boundaries. 
Data were separated into four spatiotemporal groups to test for differences 
between each epoch and geographic province: Pliocene North, Pliocene South, 
Pleistocene North, and Pleistocene South.  An ANOVA with size defined as a covariate 
was also used to test for differences between these groups.  Results showed similar trends 
to using the overall data set; comparisons across the Plio-Pleistocene extinction in the 
north (Figure 9A) and in the south (Figure 9D) exhibited an increase in cannibalism 
across Plio-Pleistocene extinction and comparisons across Cape Hatteras, North Carolina 
during the Pliocene (Figure 9B) and the Pleistocene (Figure 9C) exhibited higher 
frequency of cannibalism in the north.  Each of these results was non-significant; 
however, these results demonstrate the same patterns as the comparisons across the Plio-
Pleistocene and biogeographic boundaries using the entire data set.  The large decrease in 
sample size that occurs when comparing these groups may be to blame for the lack of 
statistical significance.  The number of localities for the spatiotemporal units ranged from 


























































Figure 7: Results indicate that cannibalism increased across the Plio-Pleistocene 
extinction when considering localities north and south of Cape Hatteras, NC.  
This may suggest that competition is increasing after the extinction event.  Error 
bars represent +/- 2 SE.  F18,6 = 6.045  ; p = 0.008.
Figure 8: Results indicate that cannibalism increased across the biogeographic 
boundary at Cape Hatteras, NC when considering localities from the Pliocene and 
Pleistocene.  This may suggest that levels of competition were higher north of Cape 








































































































= 5.291 ; p = 0.116.
F 
14,3 
= 1.280 ; p = 0.309
F 
4,14 
= 1.601 4,14 ; p = 0.234. F 3,3 = 1.714 ; p = 0.319.
Figure 9: No statistically significant difference was seen between the spatiotemporal 
units across the Plio-Pleistocene and biogeographic boundaries, however, these 
patterns mirror the analyses from the entire data set.  With a larger sample size these 
results may suggest that levels of competition were greater north of Cape Hatteras 































If we consider this trend to be a real biological pattern, then the increased 
frequency of cannibalism in the north relative to the south indicates that there is some 
geographic-specific factor that is influencing the cannibalistic tendency of naticids in the 
north.  Even though cannibalism frequency is non-significant for these analyses, 
cannibalism during the Pleistocene from north to south is roughly 20 percent higher 
(Figures 9A and D).  When considered with the comparisons across Cape Hatteras during 
the Pliocene and Pleistocene (Figures 9B and C), the difference between the frequency of 
cannibalism north and south of the biogeographic boundary is higher during the 
Pleistocene than the Pliocene by roughly 10 percent.  This may be indicative of a more 
competitive system north of Cape Hatteras during the Pleistocene. The highest levels of 
cannibalism occur during this spatiotemporal unit and this may mean that alternative prey 
taxa were less abundant in the north during the Pleistocene.  If the Plio-Pleistocene 
extinction targeted naticid prey taxa more heavily than naticids, then the relative 
abundance of prey taxa would decrease across the extinction event, potentially 
corresponding with an increase in competition.  Then, if a geographic factor eliminated 
taxa north of Cape Hatteras, putting further pressure on naticid populations, we would see 
the greatest level of competition in the north during the Pleistocene. 
Frequency of Cannibalism across Plio-Pleistocene Stratigraphic Units 
Because the Plio-Pleistocene extinction occurred as a pulsed event, changes 
across stratigraphic units north and south of Cape Hatteras were examined.  Formations 
were not compared across Cape Hatteras because correlation of the stratigraphy across 
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the biogeographic boundary is unclear.  An ANOVA with a post-hoc Tukey test was used 
to test for differences among these formations.  North of Cape Hatteras no statistically 
significant difference was seen between the Yorktown Formation and the James City 
Formation (Figure 10).  The Chowan River Formation is only represented by one sample 
and was not included in this analysis.  South of Cape Hatteras, a statistically significant 
difference was recorded between the Duplin Formation and the lower and upper 
Waccamaw Formations; however, no significant difference was seen between the lower 
and upper Waccamaw Formations (Figure 11).  These results seem to support the general 
findings of the comparisons across the Plio-Pleistocene and biogeographic boundaries.  If 
the Chowan River sample is not considered, then there is a trend of increasing 
cannibalism across the pulses of the Plio-Pleistocene extinction.  Although these results 
are non-significant, it may be because the sample size for these analyses is extremely 
low.  When considered with the statistically significant increase in cannibalism across the 
extinction event (Figure 7), there may be an increase in cannibalism across each 
formation.  We would expect to see a general increase in cannibalism across each 
formation as the extinction event occurred as more species went extinct or were reduced 
in abundance.  This is supported by Petuch (1995), who found that the Plio-Pleistocene 
extinction occurred in two distinct phases. 
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Figure 10: Results indicate that there is no statistically significant difference in the frequency of 
cannibalism between the Yorktown and James City Formations.  The Chowan River Formation 
is represented by only one sample and was not tested statistically.  F
Error bars represent +/- 2 SE. 




























































Figure 11: Results indicate that there is a statistically significant difference in the frequency of 
cannibalism between the Duplin and lower Waccamaw Formations (F 5,8 = -0.1585 ; p = 0.022) 
and the Duplin and upper Waccamaw Formation (F 5,3 = -0.2239 ; p = 0.014).  No statistically 
significant difference was seen between the lower Waccamaw and upper Waccamaw 
Formations (F 8,3 =  -0.0654 ; p = 0.557).  Error bars represent +/- 2 SE.
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Frequency of Cannibalism across the Plio-Pleistocene and Biogeographic Boundaries: 
Sample Size Standardization Using a Resampling Procedure 
When the data were divided into each province and time bin (North Pliocene, 
North Pleistocene, South Pliocene, and South Pleistocene), sample sizes varied greatly 
(Table 1) due to difficulty obtaining samples from the Chowan River and James City 
Formations.  Results based on a resampling to a standard sample size of 75 naticid snails 
exhibited the same patterns as the comparisons across epoch and geographic province; 
greater cannibalism was seen during the Pleistocene and north of Cape Hatteras, North 
Carolina (Figures 12 A-D).  The resampling procedure implies that the patterns seen in 
this study are not due to the effects of sample size and instead may be caused by a 
biological signal.  These results are consistent with an increase in competition across the 
Plio-Pleistocene extinction and north of Cape Hatteras. These statistically significant 
differences between levels of cannibalism within spatiotemporal units suggest that 
competition was rising during the Plio-Pleistocene extinction and from south to north 






























































































t 1000,1000 = 129.011 ; p = 0.000
t 1000,1000 = -22.820 ; p = 0.000
t 1000,1000 = -152.151 ; p = 0.000
Figure 12: Resampling within spatiotemporal units shows a statistically significant 
difference in cannibalism across the Plio-Pleistocene extinction north and south 
of Cape Hatteras and across the biogeographic boundary during the Pleistocene.  
No statistically significant difference was seen north and south of Cape Hatteras 








Changes in Size across the Plio-Pleistocene and Biogeographic Boundaries 
The average sizes (calculated as geometric mean) from samples before and after 
the extinction and north and south of the biogeographic boundary of all drilled and 
undrilled naticids were compared to determine changes in size.  A t-test was used to 
determine differences in size across the Plio-Pleistocene and biogeographic boundaries.
Across the entire data set, average size and maximum size did not show statistically 
significant changes across the Plio-Pleistocene boundary (Figure 13 A-B), and no 
statistically significant difference was seen in average size across the biogeographic 
boundary (Figure 13 C).  However, a statistically significant change was seen across the 
biogeographic boundary when comparing maximum size; naticid maximum body size 
increased south of Cape Hatteras (Figure 13D).  Overall, results show little to no 
difference in naticid size across the Plio-Pleistocene and biogeographic boundaries.
An increase in body size may give some naticids cannibalistic advantage over 
others.  Also, in some systems, small individuals are able to outcompete larger 
individuals for resources, and cannibalism helps improve the fitness of large individuals 
(Claessen et al., 2000; Rudolf, 2008).  We may expect to see a change in cannibalism not 
because of a change in competition, but because of a change in body size across the Plio-
Pleistocene extinction or from north to south.  However, little or no change in body size 
was seen in these analyses.  In the only analysis returning a statistically significant result, 
the change in size was opposite of the direction of the change in cannibalism.  Naticids 
are growing larger in the south where less cannibalism is occurring.  This is opposite of 
what we would expect.  From this we can infer that body size was not a cause of the 
changes in frequency of cannibalism seen in the previous results.  Instead, this may be 
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due to changes in the levels of competition within the ecosystem.  Similarly, when 
compared across geographic area and epoch, average and maximum naticid body size 
only showed a significant increase in maximum size south of Cape Hatteras, North 
Carolina during the Pleistocene (Figure 14 H).  No statistically significant result was 
found between average or maximum size across the Plio-Pleistocene extinction and 
during the Pliocene (Figure 14 A-G).  A naticid can only prey upon an individual smaller 
than themselves.  This means that an increase in average size may not induce higher 
cannibalism if all naticids are increasing in size.  They still will be drawing from the 
same cannibalistic prey pool if their size increases proportionately.  An increase in 
maximum size may be able to induce a change in cannibalism because it means that 
certain individuals were becoming larger.  If the entire population is becoming larger 
proportionately, then the potential prey pool stays the same.  However, if maximum size 
increases while average size remains the same, it means that a small number of individual 
naticids are becoming much larger than other naticids in the population.  This may mean 
that their potential prey pool increases.  They may begin to cannibalize more frequently 
because they are able to eat a larger proportion of naticids and this could potentially drive 
up cannibalism.  The only statistically significant change in this data is an increase in 
maximum size in the south during the Pleistocene (Figure 14 H).  There is no 
corresponding change in average size (Figure 14 G).  This indicates that individuals 
remained similar sizes across the biogeographic boundary during the Pleistocene except 
for naticids that were in the south.  This does not support the hypothesis that no change in 
average size accompanied by an increase in maximum size would cause cannibalism to 
increase because the frequency of cannibalism increases from south to north across the 
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biogeographic boundary.  While this may cause cannibalism frequency to increase in the 
south of Cape Hatteras during the Pleistocene, it is eclipsed by greater levels of 
cannibalism in the north. 
To determine if size-specific effects of cannibalism influenced cannibalism across 
the Plio-Pleistocene extinction, naticids were grouped into 10mm size bins and were 
divided into drilled and non-drilled specimens.  They were then graphed as a stacked 
percent histogram to determine how drilling frequency within size classes changed across 
the Plio-Pleistocene extinction and Cape Hatteras, North Carolina (Figure 15 A-D).  The 
distribution of drilled specimens remains similar across the Plio-Pleistocene extinction 
and biogeographic boundary, indicating that size-specific effects were not the cause of 
the increase in cannibalism across these boundaries.  Also, these graphs indicate a higher 
level of cannibalism during the Pleistocene and north of Cape Hatteras.  In addition, outer 
drill hole diameter was plotted against prey size for all drilled specimens to determine if 
there was a change in the size of confamilial prey naticids were drilling (Figure 16 A&B).  



















































































; p = 0.221
t 
7,17 
= -1.612 ; p = 0.121 t 7,17 = -2.189 ; p = 0.039
Figure 13: Results indicate little to no change in naticid body size across the Plio-
Pleistocene and biogeographic boundaries.  This suggests that changes in cannibalism 


































































































































Average Size Maximum Size
t 
4,3 
= 1.150 ; p = 0.303 t 4,3 = 1.265 ; p = 0.261
t 
14,3
 = -0.045 ; p = 0.965 t 14,3= -0.045 ; p = 0.967
t 
4,14
= -0.621 ; p = 0.544 t 4,14= -0.964 ; p = 0.350
t 
3,3
= -1.694 ; p = 0.165 t 3,3= -3.243 ; p = 0.032
Figure 14: Results indicate little to no change in naticid body size across 
spatiotemporal units suggesting that changes in cannibalism are not due to 
changes in size-specific interactions between naticids. 
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Figure 15: When divided into 10mm size bins, naticid cannibalism exhibits similar





















Pliocene: R2 Linear = 0.437

















North: R2 Linear = 0.341
South: R2 Linear = 0.527
Plio-Pleistocene Boundary
Biogeographic Boundary
Figure 16:  Outer drillhole diameter (ODH) vs. prey size indicates that naticid 
predators were preying on similar sized naticids across the Plio-Pleistocene 




 When considering resampled data, patterns remained similar for average and 
maximum size across the Plio-Pleistocene extinction and biogeographic boundary.  A t-
test was used to test for differences between these groups.  Resampled data showed 
statistically significant differences in size across each spatiotemporal unit (Figures 17 A-
H).  Even though these relationships are significant, the amount of change from one unit 
to the other is small.  While this indicates a change in body size across the Plio-
Pleistocene extinction this could be due to a very small increase in general body size of 
naticids.  The largest change occurs in maximum size across the Plio-Pleistocene 
extinction in the north when naticids decrease in body size by roughly 2 centimeters.  
Naticid sizes exhibit the same pattern across the Plio-Pleistocene extinction north and 
south of the biogeographic boundary.  This seems to suggest that naticids do actually 
decrease in size across the extinction event.  It is possible that this change in body size 
would affect the frequency of cannibalism across these boundaries; however, it seems 
unlikely because average and maximum size is decreasing proportionately to each other 
north and south of Cape Hatteras.  The average naticid and the largest naticid are 
becoming smaller together in similar proportions; this suggests that there is not a size-
specific factor associated with the increase in cannibalism.  It is more likely that factors 
associated with the extinction event put selective pressures on naticids which caused 
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* * * * * *
t 1000,1000 = 129.001 ; p = 0.000 t 1000,1000 = 129.001 ; p = 0.000
t 1000,1000 = 129.001 ; p = 0.000 t 1000,1000 = 129.001 ; p = 0.000
t 1000,1000 = 129.001 ; p = 0.000 t 1000,1000 = 129.001 ; p = 0.000
t 1000,1000 = 129.001 ; p = 0.000 t 1000,1000 = 129.001 ; p = 0.000
Figure 17:  A statistically significant change in average and maximum size was seen in 
each spatiotemporal unit.  There is a general trend of decreasing size across the 
Plio-Pleistocene extinction and an increase in size south of Cape Hatteras with the 
exception of average size during the Pliocene, which was greater north of Cape 





























































Effects of Naticid Predator Size on the Frequency of Cannibalism  
When naticid predator sizes are compared based on the entire data set using 
external drill hole diameter as a proxy for size, results indicate that there is no size 
selectivity for naticid cannibals; smaller individuals cannibalize as readily as larger 
individuals (Figure 18).  External drill hole diameter was compared across 6 size classes 
of drill holes and a chi-square test was used to determine differences between the drill 
hole size classes.  Results were not statistically significant, indicating that larger 
individuals do not cannibalize other naticids more than smaller individuals.  This result is 
contrary to cannibalistic tendencies seen in other organisms in which the largest 
individuals perform the most cannibalism (Claessen et al., 2000; Rudolf, 2008).  One of 
the major differences between naticids and these systems is that naticids are able to 
cannibalize others as soon as they start feeding as juveniles.  This means that cannibalism 
can occur in any size class as long as the predator is larger than the prey.  For young and 
old naticids, cannibalism is always an option and may be a stable part of their diet which 
could fluctuate depending on environmental conditions. 
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Drill hole size class (mm)




















Figure 18: No statistically significant difference was seen in percent cannibalism between drill 
hole classes.  Chi-square = 2.826 ; p = 0.727
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Discussion 
 When including the entire data set, a statistically significant difference was seen 
between the frequency of cannibalism across the Plio-Pleistocene and biogeographic 
boundaries suggesting that naticids were performing more acts of cannibalism in the 
north and after the extinction event.  Although examining differences between 
cannibalism frequency by dividing each area and epoch into groups (North Pliocene, 
North Pleistocene, South Pliocene, and South Pleistocene) did not exhibit statistically 
significant results, this may be due to a large drop in sample size.  The resampling 
procedure indicated significant results across the Plio-Pleistocene extinction and across 
Cape Hatteras, North Carolina.  This suggests that increasing sample size would produce 
a statistically significant difference between these groups.  Little to no difference was 
seen in naticid body size across the Plio-Pleistocene and biogeographic boundaries and 
there seems to be no difference in the frequency of cannibalism between large and small 
individuals.
 These changes in rates of cannibalism may represent a change in the competitive 
regime of the benthic system after the Plio-Pleistocene extinction and north of Cape 
Hatteras.  I originally hypothesized that greater cannibalism would be seen during the 
Pliocene and south of the biogeographic boundary because the extinction event was more 
severe north of Cape Hatteras (Allmon et al., 1996b), potentially leaving resource niches 
open for naticids.  These results, however, do not support this hypothesis.  Alternatively, 
changes in the environment after the Pliocene may have caused localized extinction north 
of Cape Hatteras, removing alternative prey items for naticids.  As the abundance of prey 
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items decreased, competition for the remaining prey would increase, potentially driving 
naticids towards cannibalism. 
 Cannibalism may increase in a high competition environment because it may 
result in an advantage for the cannibal.  Cannibalism has three major benefits: it provides 
nourishment for the cannibal, it removes competitors from the environment, and it 
removes the competitor’s genes from the gene pool (Fox, 1975b; Polis, 1981).  However, 
cannibalism can be dangerous for organisms because the roles of predator and prey can 
easily switch, and the original cannibal can become cannibalized (Dietl and Alexander, 
2000).  If the frequency of cannibalism is too high, then species could reduce their own 
abundance, prey upon potential mates, or prey upon your own progeny, potentially 
leading to extinction.  As discussed earlier, this behavior may be beneficial in 
environments where food resources are low.  When alternative prey are not available 
naticids may increase their frequency of cannibalism in order to compensate for the loss 
of prey items.  Previous research has shown that there is an inverse relationship between 
cannibalism and alternative prey abundance; as prey abundance decreases, cannibalism 
increases (Fox, 1975b; Polis, 1981).  Cannibalism could be a mechanism to decrease 
competition by stabilizing predator populations to the carrying capacity while at the same 
time gaining needed nourishment.  If predation of organisms prevents interspecific 
competition by reducing the size of the population (Sih et al., 1985), then confamilial 
predation of naticids would reduce competition among naticids.  Therefore, we would 
expect that if the increase in naticid cannibalism across the Plio-Pleistocene extinction 
was due to an increase in competitive regime, then the abundances of alternative prey 
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taxa would decrease across the extinction event and the biogeographic boundary, 
especially during the Pleistocene. 
 This question was investigated using paleocommunity data  from Huntoon (1999).  
Huntoon’s data were collected across several Coastal Plain stratigraphic units, including 
the Waccamaw, James City, Flanner’s Beach, and Neuse Formations.  The percent 
abundance, number of complete drill holes, and drilling frequency were used.  For 




The analysis included here only examined the Waccamaw and James City Formations, 
which span the Plio-Pleistocene boundary.  While the formation names imply that the 
comparison is across the biogeographic boundary, the James City Formation sample was 
collected right on the biogeographic boundary.  This analysis only examines the 
community south of Cape Hatteras across the extinction event.  Huntoon’s samples were 
collected as bulk samples and all specimens were identified to species level.  This data 
was imported into Microsoft Excel and SPSS version 16.0 for analysis. 
 Analysis indicated a decrease in the overall drilling frequency across the Plio-
Pleistocene extinction from 11 percent of the community during the Pliocene to 6 percent 
during the Pleistocene (Figure 19 A&B); also, when considering only species that 
naticids drill, the Potential Prey Pool, drilling frequency decreases from 14 percent during 
the Pliocene to 7 percent during the Pleistocene (Figure 19 C&D).  In addition, the 
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Figure 19:  Total drilling frequency (A&B) and prey item drilling frequency (C&D) 
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Figure 20: Naticid prey abundance increases across the Plio-Pleistocene extinction.
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This suggests that prey items are becoming more available to predators across the 
extinction event as they become more abundant in the community.  However, the 
increase in cannibalism documented here could also be due to an increase in the predator 
to prey ratio.  This does not seem to be the case because the ratio of predators to prey 
decreases across the extinction event by 11 percent (Figure 21 A&B).  Predators are 
becoming less common in the community after the Plio-Pleistocene extinction.  However, 
we also see that cannibalism is increasing in this data set (Figure 22).  This may be 
because naticids are becoming more common relative to other predators.  Naticids 
increase from 1.1 percent relative abundance during the Pliocene to 1.8 relative 
abundance during the Pleistocene.  This represents a 17 percent increase in the ratio of 
naticids to other predators (Figure 23 A&B) and no species of naticids went extinct 
across the Plio-Pleistocene boundary.  This is odd because naticids are becoming a more 
prominent member of the predatory as drilling frequency is decreasing overall.  These 
results are not consistent with the hypothesis that increasing competition drove naticids to 
perform more acts of cannibalism because alternative prey items were not present.   
These results suggest it is possible that as naticids were becoming more prominent 
in the community they began to encounter each other more frequently.  As this occurred 
they began to drill each other more frequently.  This would seem to suggest that naticids 
drill the first individual of a prey species that they come across; however, previous 
research has claimed that naticids have a preference for certain prey items (Kitchell et al., 
1981).  This begs the question, what were naticids eating before and after the extinction 
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Figure 23:  Naticids increase in relative abundance as compared to other predators 





















Figure 22:  Cannibalism increases across the Plio-Pleistocene extinction in the 
Huntoon (1999) data.
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All species present in the Pliocene only were classified as victims of the extinction event, 
all species present in the Pleistocene only were classified as originators, and species in 
both the Pliocene and Pleistocene were classified as survivors.  Seventeen percent of the 
abundance of the community during the Pliocene was made up of victims of the 
extinction event while these species represented 20 percent of the naticids drilling during 
this time interval (Figure 24 A&C).  In contrast, originators made up only 5 percent of the 
community during the Pleistocene and only 4 percent of the drilling (Figure 24 B&D).
This suggests that survivors of the extinction event became a larger component of the 
naticids diet and originators did not fill the gaps in diet left by the species that went 
extinct across the extinction event.  Also, when considering cannibalism within the diet 
of naticids, cannibalism represented 1 percent of the predation on survivors during the 
Pliocene but 5 percent during the Pleistocene.  This corresponds with the increase in 
cannibalism seen in the research presented in this study (Figure 25 A&B).  In addition, 
while predators represented 10 percent of the abundance of the victims of the extinction 
event, predators represented 19 percent of the abundance of the originators.  This 
suggests that prey taxa were not replaced after the extinction event.  Together, these 
results may mean that while the group of prey taxa as a whole was increasing across the 
extinction event, the preferred prey taxa were going extinct or reducing in abundance, 


























Figure 24:  Victims of the extinction event made up a larger portion of the community 



















Figure 25:  When cannibalism is examined within the drilling frequency, cannibalism 
increases across the Plio-Pleistocene extinction.
A B
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If naticids do prey on taxa preferentially, then the most frequently drilled taxa 
would be the preferred taxa during a time period.  The 5 taxa with the greatest amount of 
drill holes are Caryocorbula auroraensis,  Chione latilirata, Glycymeris Americana, 
Pleuromeris decemcostata, and Oysters during the Pliocene and Crassinella lunulata, 
Pleuromeris decemcostata, Caryocorbula auroraensis, Gouldia metastriatum, and
Pleuromeris auroraensis during the Pleistocene.  The top 5 species during the Pliocene 
will be referred to as the Pliocene preferred taxa and the top 5 species during the 
Pleistocene will be referred to as the Pleistocene preferred taxa.  If these preferred taxa 
groups are considered, both represent 44 percent of all drill holes during their time period 
(Figure 26 A&B).  During the Pliocene, 11 percent of the abundance of the Pliocene 
preferred taxa are victims of the extinction event while 0 percent of originators represent 
Pleistocene preferred taxa.  This suggests that originators are not being drilled heavily 
and are not replacing extinct taxa in terms of ecological interactions with naticids.   
If the abundance of the preferred taxa decreased across the extinction event, then 
a large portion of the diet of naticids would not be present during the Pleistocene.  Many 
of the species drilled by naticids only represent a small number of individuals, and may 
have been drilled by naticids occasionally, but do not represent a group to taxa naticids 
drill often.  If the abundance of these species decreases across the Plio-Pleistocene 
boundary decreased, then this could have caused an increase in competition for these 
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Figure 26:  The 5 most commonly drilled prey from both the Pliocene and Pleistocene 
represent 44% of drill holes in the sample.  However, during the Pliocene, 11% of the 
drill holes present are in species that go extinct while in the Pleistocene, 0% of the drill 




When the abundance of both groups of preferred pray taxa are considered during 
the Pliocene and the Pleistocene, the abundance of the Pliocene preferred prey taxa 
decreases across the extinction event while the abundance of the Pleistocene preferred 
taxa remains the same.  The Pliocene preferred taxa decrease from a relative abundance 
of 37 percent during the Pliocene to 19 percent during the Pliocene (Figure 27 A&C).  In 
contrast, the relative abundance of the Pleistocene preferred taxa remains the same at 17 
percent during the Pliocene and 17 percent during the Pleistocene (Figure 27 B&D).  This 
suggests that the Pliocene preferred taxa were affected by the extinction event while 
Pleistocene preferred taxa were not.
As the abundance of the Pliocene preferred prey decreased naticids would have 
had to switch food sources for survival.  They began to prey upon the Pleistocene 
preferred taxa, but these species made up a smaller set of prey items because their 
abundance was less than the Pliocene preferred prey.  This means that the abundance of 
preferred taxa, almost half of the drilled specimens during the Pliocene and Pleistocene, 
was decreasing across the extinction event.  This decrease in the abundance of preferred 
prey taxa could have caused an increase in the competitive regime by reducing food 
resources.  After the extinction event naticids did not switch prey and begin drilling many 
originating taxa, meaning that the majority of the potential prey pool was made up of the 
survivors of the extinction event, which represent only 80 percent of the drilled 
specimens from the Pliocene.  At the same time, the abundance of naticids in the 
community was increasing.  More food resources would be needed to sustain this 







































Figure 27:  The Pliocene preferred prey taxa decrease in abundance across the 
Plio-Pleistocene extinction (A&C) while the Pleistocene preferred prey taxa do 
not (B&D).  This suggests that the Pliocene preferred taxa were affected by the 
extinction event and reduced the potential prey pool of preferred items for 
naticids.
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The decrease in drilling frequency can be explained because when all prey items are 
included, the majority of which only exhibit a small number of drill holes, the abundance 
of prey items increases across the extinction event.  This inflates the denominator of 
drilling frequency, lowing drilling frequency in the community after the extinction event.  
It is possible that after the extinction event naticids began to prey more heavily on 
survivors, including confamilials in order to make up for the taxa that went extinct across 
the Plio-Pleistocene boundary. These results support the results shown in this study, that 
an increase in cannibalism occurred across the Plio-Pleistocene boundary, and support the 
hypothesis that this increase was due to a increase in the competitive regime across the 
extinction event.  However, instead of the abundances of all species decreasing, the 
abundances of species that naticids drill most often decreases.  While alternative prey are 
available, naticids are not switching to these alternative prey items and may be increasing 
their levels of cannibalism in order to compensate for this loss of prey. 
One problem with these analyses concerns the sample size of the two localities 
used with the Huntoon data.  The Pliocene unit from the lower Waccamaw formation 
contained only 1046 specimens while the Pleistocene unit from the James City Formation 
contained 4228 specimens.  Without controlling for the amount of specimens in a sample, 
it is possible that metrics like species richness would be inflated in the James City 
Formation because the high number of specimens would make it more likely that rare 
species would be present in the sample.  In order to control for this, a rarefaction 
procedure could be done.  Rarefaction helps compare the species richness of two samples 
of different size by estimating the amount of species that would be found if the two 
samples had the same number of individuals.  This would allow a comparison of how the 
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extinction event affected species across the Plio-Pleistocene boundary and may result in 
statistically removing rarer species from the potential prey pool, increasing the amount of 
drilling frequency during the Pleistocene.  Also, it is important to increase the number of 
localities to examine the effect of spatial variability of these results.  This data represents 
one locality from the Pliocene and one locality from the Pleistocene.  It would be useful 
to increase the number of samples to look at how the community responded to the Plio-
Pleistocene extinction and expand the analysis north of the biogeographic boundary to 
capture information about how systems north of Cape Hatteras responded to the 
extinction event. 
Future work could attempt to determine the cause of the Plio-Pleistocene 
extinction.  The two major proposed causes of the Plio-Pleistocene extinction are ocean 
cooling due to glaciation and a decrease in primary productivity.  The question remains, 
what factor truly influenced the extinction event across the Plio-Pleistocene boundary?
One way to test these hypotheses would be to use conventional metrics for temperature 
and productivity.  Allmon et al (1996a) investigated vertebrate and invertebrate 
paleontological data such as size of suspension feeders, along with isotopic fossil data 
and concluded that productivity decreased in Florida across the Plio-Pleistocene 
boundary.  A similar study could be completed across Cape Hatteras and the Plio-
Pleistocene boundary similar in scope to this study.  Carbon-14 and Oxygen-18 isotopes 
are commonly used as proxies for productivity and temperature respectively, diversity 
and abundance of microfossil data, especially foraminifera and ostracods are used to 
reconstruct paleoclimate and nutrient regimes, and the size of a species’ range may 
positively correlate with their temperature tolerance.  However, it may also be possible to 
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determine the cause of the Plio-Pleistocene extinction using community level and 
geographic range data. 
In order to determine if a decrease in productivity or temperature caused this 
event using naticid cannibalism data then we must ask, why did the abundance of their 
prey taxa decrease?  Naticids have been known to live in cold waters, they exhibit a wide 
geographic range and are found along the coast of the United States from Massachusetts 
to Texas (Abbott, 1974).  If a cooling event occurred during the Pliocene, then naticids 
may have been able to cope with the change in temperature themselves.  Alternative prey 
taxa, however, may not have been as able to survive the cooling ocean waters as naticids, 
decreasing their abundances.  As their abundances decreased, competition among naticids 
for food resources would rise, and could result in an increase in cannibalism.  Similarly, 
if a decrease in productivity was to blame for the Plio-Pleistocene extinction then filter 
feeding prey taxa would begin to decrease in abundance and naticids would prey upon a 
greater proportion of prey taxa in order to obtain the nutrients needed for survival.  As 
preferred prey taxa became less abundant, competition would increase, and naticids 
would resort to cannibalism in order to survive.   
By plotting the geographic range of each species during the Pliocene and the 
Pleistocene, it is possible to observe how these ranges change over the extinction event.
If ocean cooling caused the extinction event, then we would expect to see naticids prey 
taxa migrate south into warmer waters, driving up levels of cannibalism in areas the prey 
taxa migrated from.  This could not exclude a combination of temperature and 
productivity as a cause; however, if the diversity of filter feeding mollusks did not 
decrease across the extinction event then this would be strong evidence that a decrease in 
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productivity did not cause the Plio-Pleistocene extinction.  In contrast, if the geographic 
ranges of prey species stayed the same or increased northward, then cooling temperature 
as a cause of the Plio-Pleistocene extinction would not be reasonable because prey 
species would be moving into colder waters during the Pleistocene.  If this coincided with 
a decrease in the diversity of filter feeding mollusks, then this would be evidence that 




The results from this study indicate that levels of naticid cannibalism differ across 
the Plio-Pleistocene boundary and the biogeographic boundary at Cape Hatteras, North 
Carolina suggesting a change in the ecological interactions between organisms in this 
system.  This study found that frequency of cannibalism of naticid snails was higher 
during the Pleistocene after the extinction event and north of Cape Hatteras, North 
Carolina.  In addition, this study found that there was little to no change in naticid body 
size across these spatiotemporal areas and no difference in the frequency of cannibalism 
between small and large individuals. 
 When resampled to standardize for sample size, results remained similar and were 
statistically significant when comparing frequency of cannibalism across spatiotemporal 
areas.  This suggests that the pattern of naticid cannibalism seen here is not due to the 
effects of sample size and the original analyses would increase in statistical significance 
if more samples were collected.   
 When considered in context with previous research, these results seem to suggest 
an increase in the competitive regime of the ecosystem after the Plio-Pleistocene 
extinction and north of Cape Hatteras, North Carolina.  This area may have experienced 
differences in the extinction event that govern the surviving lineages such as the 
deflection of the Gulf Stream at Cape Hatteras during the Pleistocene.  This could have 
caused preferred naticid prey species to decrease in abundance, putting pressure on 
surviving naticids which may have lead to a greater frequency of cannibalism. 
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These results suggest that it may be possible to use levels of naticid cannibalism 
as a proxy for the level of competition experienced in a community.  We can use this 
information to define baselines to compare to modern extinctions.  By investigating the 
amount of cannibalism in modern systems, we can track ecological interactions between 
organisms as well as abundances of taxa in order to determine the health of an ecosystem.  
If naticid cannibalism is particularly high in an area, it may mean that alternative prey 
taxa are below normal levels of abundance and that the health of that ecosystem is in 
question.  Rates of cannibalism can be used as another metric to help determine changes 
in competition and track modern levels of extinction.  
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Appendix 
? Raw?data?from?each?locality?is?presented?in?this?appendix.??Measurements?for?Length,?
Height,?Thickness,?Outer?Drillhole?Diameter,?and?Inner?Drill?Hole?Diameter?are?recorded?in?
millimeters.???Hole?Sector?corresponds?to?Drill?Hole?Sector?as?is?measured?by?the?procedure?
described?in?Kelley,?1991.??Numbers?in?the?Notes?section?indicate?the?angle?of?drill?holes.??
Location?information?is?included?next?to?the?locality?name.?
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at
a
51
.5
4
45
.7
7
1.
03
RQ
?6
3
N
ev
er
ita
du
pl
ic
at
a
51
.9
6
42
.7
4
0.
95
RQ
?6
4
N
ev
er
ita
du
pl
ic
at
a
82
.9
8
69
.3
3
1.
19
81
Lo
ca
lit
y
D
at
e?C
ol
le
ct
ed
N
ea
r?3
6°
52
'?N
?76
°3
4'
W
Fo
rm
at
io
n
m
m
m
m
m
m
m
m
m
m
Specimen
Genus
Species
Length
Height
Thickness
External ?Hole?Diameter
Internal ?Hole?Diameter
Hole?Sector
Notes
CK
?1
N
ev
er
ita
du
pl
ic
at
a
40
.0
9
35
.8
7
0.
87
CK
?2
N
ev
er
ita
du
pl
ic
at
a
25
.2
3
19
.7
3
0.
42
CK
?3
Eu
sp
ir
a
he
ro
s
29
.9
7
31
.6
7
0.
63
CK
?4
N
ev
er
ita
du
pl
ic
at
a
30
.5
1
25
.5
4
0.
57
CK
?5
N
ev
er
ita
du
pl
ic
at
a
31
.5
9
24
.7
8
0.
83
CK
?6
Eu
sp
ir
a
he
ro
s
29
.2
5
30
.6
2
0.
8
CK
?7
N
ev
er
ita
du
pl
ic
at
a
27
.4
6
22
.3
6
0.
43
CK
?8
Eu
sp
ir
a
he
ro
s
18
.5
7
19
0.
56
4.
22
2.
18
1
CK
?9
Eu
sp
ir
a
he
ro
s
60
.1
9
59
.8
6
1.
17
CK
?1
0
N
ev
er
ita
du
pl
ic
at
a
46
.9
6
39
.7
8
1.
02
CK
?1
1
N
ev
er
ita
du
pl
ic
at
a
29
.7
4
24
.3
4
0.
65
CK
?1
2
Eu
sp
ir
a
he
ro
s
31
.4
5
30
.7
6
1.
19
CK
?1
3
Eu
sp
ir
a
he
ro
s
30
.3
2
30
.7
5
0.
78
CK
?1
4
Eu
sp
ir
a
he
ro
s
29
.8
5
31
.2
9
0.
95
CK
?1
5
Eu
sp
ir
a
he
ro
s
27
.1
6
26
.9
8
0.
55
CK
?1
6
Si
nu
m
m
ac
ul
at
um
17
.5
2
16
.9
2
0.
63
CK
?1
7
Eu
sp
ir
a
he
ro
s
29
.4
5
29
.4
1
0.
51
CK
?1
8
N
ev
er
ita
du
pl
ic
at
a
27
.8
8
22
.9
6
0.
44
CK
?1
9
N
ev
er
ita
du
pl
ic
at
a
39
.3
1
30
.7
1
0.
9
CK
?2
0
N
ev
er
ita
du
pl
ic
at
a
31
.1
7
24
.0
6
0.
54
Ch
uc
ka
tu
ck
M
us
eu
m
?(B
uc
k?W
ar
d?
VM
N
H
)
Yo
rk
to
w
n
82
CK
?2
1
N
ev
er
ita
du
pl
ic
at
a
46
.9
9
38
.1
1
0.
95
CK
?2
2
Eu
sp
ir
a
he
ro
s
20
.3
3
22
.0
6
0.
71
CK
?2
3
N
ev
er
ita
du
pl
ic
at
a
21
.0
8
16
.4
4
0.
55
CK
?2
4
Eu
sp
ir
a
he
ro
s
27
.5
29
.6
9
0.
79
CK
?2
5
N
ev
er
ita
du
pl
ic
at
a
36
.9
9
29
.5
3
0.
79
CK
?2
6
Eu
sp
ir
a
he
ro
s
17
.5
3
18
.9
5
0.
63
4.
43
3.
47
2
CK
?2
7
N
ev
er
ita
du
pl
ic
at
a
16
.3
7
12
.0
3
0.
33
3.
6
2.
22
2
CK
?2
8
Eu
sp
ir
a
he
ro
s
20
.2
8
21
.3
9
0.
48
CK
?2
9
N
ev
er
ita
du
pl
ic
at
a
39
.2
6
31
.0
9
0.
57
CK
?3
0
N
ev
er
ita
du
pl
ic
at
a
28
.4
22
.3
3
0.
84
CK
?3
1
Eu
sp
ir
a
he
ro
s
28
.0
3
28
.1
3
0.
43
4.
6
2.
57
1
CK
?3
2
N
ev
er
ita
du
pl
ic
at
a
24
.5
20
.6
9
0.
48
CK
?3
3
Eu
sp
ir
a
he
ro
s
21
.8
2
22
.1
0.
42
CK
?3
4
N
ev
er
ita
du
pl
ic
at
a
31
.3
6
25
.4
6
0.
74
CK
?3
5
N
ev
er
ita
du
pl
ic
at
a
48
.5
4
37
.6
3
1.
25
CK
?3
6
N
ev
er
ita
du
pl
ic
at
a
33
.5
8
27
.5
5
0.
68
CK
?3
7
N
ev
er
ita
du
pl
ic
at
a
21
.5
7
15
.7
3
0.
35
CK
?3
8
N
ev
er
ita
du
pl
ic
at
a
32
.5
1
24
.5
4
0.
64
CK
?3
9
N
ev
er
ita
du
pl
ic
at
a
22
.6
1
16
.7
5
0.
51
CK
?4
0
N
ev
er
ita
du
pl
ic
at
a
20
.7
6
16
.6
2
0.
48
CK
?4
1
Eu
sp
ir
a
he
ro
s
58
.1
6
62
.2
1.
31
CK
?4
2
N
ev
er
ita
du
pl
ic
at
a
16
.2
12
.1
8
0.
26
CK
?4
3
Eu
sp
ir
a
he
ro
s
20
.8
5
19
.7
9
0.
69
4.
53
2.
28
2
CK
?4
4
N
ev
er
ita
du
pl
ic
at
a
26
.9
5
21
.3
2
0.
52
CK
?4
5
Eu
sp
ir
a
he
ro
s
17
.1
2
16
.4
5
0.
52
4.
7
2.
59
4
CK
?4
6
Eu
sp
ir
a
he
ro
s
18
.6
6
20
.2
5
0.
55
CK
?4
7
N
ev
er
ita
du
pl
ic
at
a
21
.7
1
18
.5
1
0.
56
CK
?4
8
Eu
sp
ir
a
he
ro
s
25
.3
1
25
.8
4
0.
49
CK
?4
9
Eu
sp
ir
a
he
ro
s
13
.1
8
13
.1
5
0.
37
CK
?5
0
Eu
sp
ir
a
he
ro
s
28
.5
4
30
.9
4
0.
53
83
CK
?5
1
N
ev
er
ita
du
pl
ic
at
a
18
.5
9
13
.9
3
0.
35
CK
?5
2
Eu
sp
ir
a
he
ro
s
18
.6
4
19
.3
9
0.
55
4.
48
2.
84
2
CK
?5
3
Eu
sp
ir
a
he
ro
s
18
.3
6
20
.1
9
0.
45
CK
?5
4
Eu
sp
ir
a
he
ro
s
19
.4
4
18
.1
2
0.
77
CK
?5
5
Eu
sp
ir
a
he
ro
s
19
.6
5
11
.6
0.
27
2.
55
0.
95
3
CK
?5
6
Eu
sp
ir
a
he
ro
s
23
.1
9
30
.2
3
0.
53
CK
?5
7
Lu
na
tia
pe
rs
pe
ct
iv
a
60
.2
7
60
.6
7
0.
79
CK
?5
8
Lu
na
tia
pe
rs
pe
ct
iv
a
44
.3
3
47
.6
7
0.
68
CK
?5
9
Lu
na
tia
pe
rs
pe
ct
iv
a
49
.3
3
50
.2
8
0.
76
CK
?6
0
Lu
na
tia
pe
rs
pe
ct
iv
a
29
.6
29
.2
5
0.
45
CK
?6
1
Lu
na
tia
pe
rs
pe
ct
iv
a
52
.9
3
56
.2
4
0.
7
CK
?6
2
N
ev
er
ita
du
pl
ic
at
a
38
.1
8
26
.8
9
0.
6
CK
?6
3
Lu
na
tia
pe
rs
pe
ct
iv
a
13
.3
4
15
.9
1
0.
48
CK
?6
4
Lu
na
tia
pe
rs
pe
ct
iv
a
12
.3
6
14
.1
5
0.
53
CK
?6
5
Lu
na
tia
pe
rs
pe
ct
iv
a
9.
06
10
.1
6
0.
22
CK
?6
6
Lu
na
tia
pe
rs
pe
ct
iv
a
14
.0
8
16
.5
2
0.
35
CK
?6
7
Lu
na
tia
pe
rs
pe
ct
iv
a
9.
36
11
.4
3
0.
31
CK
?6
8
Lu
na
tia
pe
rs
pe
ct
iv
a
10
.6
9
13
.4
0.
5
CK
?6
9
Lu
na
tia
pe
rs
pe
ct
iv
a
7.
85
9.
59
0.
31
CK
?7
0
Lu
na
tia
pe
rs
pe
ct
iv
a
10
.1
1
12
.0
8
0.
3
CK
?7
1
Lu
na
tia
pe
rs
pe
ct
iv
a
13
.1
7
15
.4
9
0.
29
CK
?7
2
Lu
na
tia
pe
rs
pe
ct
iv
a
8.
41
9.
76
0.
38
CK
?7
3
Lu
na
tia
pe
rs
pe
ct
iv
a
9.
26
10
.8
7
0.
42
CK
?7
4
Lu
na
tia
in
te
rn
a
12
.3
13
.7
1
0.
37
CK
?7
5
Lu
na
tia
in
te
rn
a
16
.9
9
19
.7
9
0.
44
CK
?7
6
Lu
na
tia
in
te
rn
a
16
.8
5
18
.9
3
0.
5
CK
?7
7
Lu
na
tia
in
te
rn
a
13
.1
1
15
.0
6
0.
24
CK
?7
8
Lu
na
tia
in
te
rn
a
8.
95
10
.6
9
0.
36
CK
?7
9
Lu
na
tia
in
te
rn
a
16
.6
9
19
.8
6
0.
79
CK
?8
0
Lu
na
tia
in
te
rn
a
13
.5
7
14
.2
4
0.
43
84
CK
?8
1
Lu
na
tia
in
te
rn
a
12
.4
1
13
.9
3
0.
49
CK
?8
2
Lu
na
tia
in
te
rn
a
10
.8
5
12
.5
7
0.
39
CK
?8
3
Lu
na
tia
in
te
rn
a
9.
39
9.
79
0.
31
CK
?8
4
Lu
na
tia
in
te
rn
a
8.
05
9.
23
0.
28
CK
?8
5
Lu
na
tia
in
te
rn
a
11
.4
6
12
.3
9
0.
55
CK
?8
6
Lu
na
tia
in
te
rn
a
7.
51
8.
45
0.
19
CK
?8
7
Lu
na
tia
in
te
rn
a
9.
41
11
.0
7
0.
53
CK
?8
8
Lu
na
tia
in
te
rn
a
9.
07
10
.4
8
0.
29
CK
?8
9
Lu
na
tia
in
te
rn
a
9.
38
11
.1
5
0.
25
CK
?9
0
Te
ct
on
at
ic
a
pu
si
lla
5.
67
6.
13
0.
21
CK
?9
1
Te
ct
on
at
ic
a
pu
si
lla
6.
4
7.
28
0.
37
CK
?9
2
Te
ct
on
at
ic
a
pu
si
lla
5.
16
6
0.
19
85
Lo
ca
lit
y
D
at
e?C
ol
le
ct
ed
N
ea
r?H
am
pt
on
,?V
A
Fo
rm
at
io
n
m
m
m
m
m
m
m
m
m
m
Specimen
Genus
Species
Length
Height
Thickness
External ?Hole?Diameter
Internal ?Hole?Diameter
Hole?Sector
Notes
RP
?1
Eu
sp
ir
a
he
ro
s
30
.2
30
.8
9
0.
57
4.
82
3.
02
5
RP
?2
Eu
sp
ir
a
he
ro
s
32
.2
7
34
.1
4
0.
47
RP
?3
Eu
sp
ir
a
he
ro
s
28
.1
2
29
.4
3
0.
85
RP
?4
Lu
na
tia
in
te
rn
a
15
.5
5
17
.8
9
0.
55
RP
?5
Lu
na
tia
pe
rs
pe
ct
iv
a
17
.3
9
17
.1
7
0.
21
RP
?6
Eu
sp
ir
a
he
ro
s
29
.7
6
25
.6
4
0.
65
4.
34
2.
63
3
dr
ill
?o
n?
bo
tt
om
RP
?7
Lu
na
tia
in
te
rn
a
17
.9
1
19
.3
6
0.
57
RP
?8
Lu
na
tia
in
te
rn
a
17
.0
7
19
.0
8
0.
47
RP
?9
Eu
sp
ir
a
he
ro
s
17
.2
2
16
.8
3
0.
46
3.
95
2.
53
2
RP
?1
0
Eu
sp
ir
a
he
ro
s
28
.3
9
27
.1
8
0.
71
RP
?1
1
Lu
na
tia
pe
rs
pe
ct
iv
a
43
.8
3
46
.5
5
0.
58
RP
?1
2
Eu
sp
ir
a
he
ro
s
36
.6
4
38
.3
4
0.
58
RP
?1
3
Lu
na
tia
in
te
rn
a
15
.6
1
15
.4
9
0.
61
3.
23
1.
83
3
RP
?1
4
Lu
na
tia
pe
rs
pe
ct
iv
a
17
.6
7
20
.7
7
0.
3
RP
?1
5
Lu
na
tia
in
te
rn
a
15
.6
6
15
.5
0.
61
4.
65
2.
61
5
RP
?1
6
Lu
na
tia
in
te
rn
a
17
.6
9
19
.5
7
0.
52
RP
?1
7
Lu
na
tia
in
te
rn
a
14
.9
1
15
.5
4
0.
73
RP
?1
8
Eu
sp
ir
a
he
ro
s
17
.6
2
17
.8
1
0.
47
2.
77
1.
84
2
RP
?1
9
Lu
na
tia
in
te
rn
a
16
.3
6
18
.0
3
0.
64
RP
?2
0
Lu
na
tia
in
te
rn
a
17
.2
6
19
.3
3
0.
47
3.
38
1.
99
2
Ri
ce
's
?Pi
t
M
us
eu
m
?(B
uc
k?W
ar
d?
VM
N
H
)
Yo
rk
to
w
n
86
RP
?2
1
Lu
na
tia
in
te
rn
a
15
.1
4
16
.8
6
0.
5
3.
98
1.
94
1
RP
?2
2
Lu
na
tia
in
te
rn
a
16
.4
9
16
.9
7
0.
51
4.
01
2.
93
3
RP
?2
3
Lu
na
tia
in
te
rn
a
18
.6
9
19
.6
0.
4
RP
?2
4
Lu
na
tia
pe
rs
pe
ct
iv
a
11
.8
6
13
.0
2
0.
2
RP
?2
5
Lu
na
tia
in
te
rn
a
15
.2
8
16
.1
3
0.
38
5.
16
3.
19
2
RP
?2
6
Eu
sp
ir
a
he
ro
s
26
.6
24
.0
7
0.
76
4.
36
2.
7
2
RP
?2
7
Lu
na
tia
pe
rs
pe
ct
iv
a
9.
84
10
.9
1
0.
46
RP
?2
8
Lu
na
tia
in
te
rn
a
17
.8
5
19
.6
6
0.
55
3.
26
1.
9
2
RP
?2
9
Lu
na
tia
in
te
rn
a
14
.2
9
14
.8
1
0.
44
3.
22
1.
63
3
RP
?3
0
Eu
sp
ir
a
he
ro
s
23
.3
1
22
.7
7
0.
81
4.
81
2.
39
4
RP
?3
1
Lu
na
tia
pe
rs
pe
ct
iv
a
12
.4
3
12
.5
0.
24
RP
?3
2
Lu
na
tia
in
te
rn
a
13
.3
7
13
.4
3
0.
34
RP
?3
3
Lu
na
tia
pe
rs
pe
ct
iv
a
18
.8
1
21
.1
4
0.
91
RP
?3
4
Lu
na
tia
in
te
rn
a
15
.2
5
15
.8
1
0.
46
RP
?3
5
Lu
na
tia
in
te
rn
a
11
.1
11
.3
5
0.
35
RP
?3
6
Lu
na
tia
pe
rs
pe
ct
iv
a
16
.8
7
18
.6
8
0.
48
RP
?3
7
Lu
na
tia
in
te
rn
a
15
.6
2
17
.1
6
0.
6
RP
?3
8
Lu
na
tia
in
te
rn
a
16
.1
2
17
.0
7
0.
44
RP
?3
9
Lu
na
tia
in
te
rn
a
15
.6
16
.7
0.
46
RP
?4
0
Lu
na
tia
in
te
rn
a
16
.7
1
16
.7
8
0.
38
4.
15
2.
59
2
RP
?4
1
Lu
na
tia
in
te
rn
a
13
.3
14
.4
4
0.
35
RP
?4
2
Lu
na
tia
pe
rs
pe
ct
iv
a
13
.4
6
14
.1
6
0.
48
RP
?4
3
Lu
na
tia
pe
rs
pe
ct
iv
a
15
.1
5
16
.3
5
0.
55
RP
?4
4
Lu
na
tia
in
te
rn
a
13
.1
1
13
.7
2
0.
29
RP
?4
5
Lu
na
tia
in
te
rn
a
13
.3
5
13
.1
6
0.
45
RP
?4
6
Lu
na
tia
in
te
rn
a
11
.0
7
11
.2
8
0.
28
RP
?4
7
Lu
na
tia
pe
rs
pe
ct
iv
a
15
.9
5
15
.9
2
0.
49
RP
?4
8
Lu
na
tia
in
te
rn
a
10
.1
3
10
.7
7
0.
35
RP
?4
9
Lu
na
tia
pe
rs
pe
ct
iv
a
8.
75
9.
5
0.
35
RP
?5
0
Lu
na
tia
in
te
rn
a
20
.0
1
21
.6
1
0.
63
87
RP
?5
1
Lu
na
tia
in
te
rn
a
10
.0
9
10
.2
5
0.
3
RP
?5
2
Lu
na
tia
in
te
rn
a
8.
73
9.
11
0.
44
RP
?5
3
Lu
na
tia
in
te
rn
a
9
9.
27
0.
32
2.
83
1.
65
3
RP
?5
4
N
ev
er
ita
du
pl
ic
at
a
9.
09
7.
49
0.
35
RP
?5
5
N
ev
er
ita
du
pl
ic
at
a
8.
49
7.
15
0.
75
1.
12
0.
88
3
RP
?5
6
N
ev
er
ita
du
pl
ic
at
a
11
.5
9
8.
65
0.
33
RP
?5
7
Eu
sp
ir
a
he
ro
s
45
.2
4
47
.2
5
0.
61
RP
?5
8
Eu
sp
ir
a
he
ro
s
32
.9
6
31
.7
6
0.
67
4.
92
3.
14
2
RP
?5
9
Eu
sp
ir
a
he
ro
s
31
.9
9
29
.4
6
0.
48
RP
?6
0
Lu
na
tia
pe
rs
pe
ct
iv
a
14
.9
16
.5
6
0.
67
RP
?6
1
Eu
sp
ir
a
he
ro
s
25
.0
7
25
.2
0.
46
RP
?6
2
Lu
na
tia
pe
rs
pe
ct
iv
a
17
.6
7
15
.9
9
0.
38
RP
?6
3
Lu
na
tia
pe
rs
pe
ct
iv
a
16
.5
6
18
.2
3
0.
51
3.
45
2.
21
1
RP
?6
4
Lu
na
tia
pe
rs
pe
ct
iv
a
9.
09
10
.0
3
0.
18
1.
63
0.
98
2
RP
?6
5
Lu
na
tia
pe
rs
pe
ct
iv
a
13
.7
1
13
.9
6
0.
31
RP
?6
6
Po
lin
ic
es
sp
.
11
.6
8
13
.5
1
0.
53
RP
?6
7
Lu
na
tia
in
te
rn
a
12
.0
4
13
.5
4
0.
43
RP
?6
8
Po
lin
ic
es
sp
.
9.
66
10
.8
7
0.
28
RP
?6
9
Po
lin
ic
es
sp
.
10
.1
8
11
.1
7
0.
36
RP
?7
0
Po
lin
ic
es
sp
.
7.
34
8.
44
0.
29
RP
?7
1
Po
lin
ic
es
sp
.
10
.2
5
11
.9
8
0.
31
RP
?7
2
Po
lin
ic
es
sp
.
7.
54
8.
38
0.
3
RP
?7
3
Lu
na
tia
in
te
rn
a
12
.3
7
13
.5
1
0.
37
88
Lo
ca
lit
y
D
at
e?C
ol
le
ct
ed
Ex
ac
t?l
oc
at
io
n?
un
kn
ow
n,
?n
or
th
?o
f?C
ap
e?H
at
te
ra
s,
?N
C
Fo
rm
at
io
n
m
m
m
m
m
m
m
m
m
m
Specimen
Genus
Species
Length
Height
Thickness
External ?Hole?Diameter
Internal ?Hole?Diameter
Hole?Sector
Notes
BP
?1
Eu
sp
ir
a
he
ro
s
23
.3
3
20
.4
2
0.
23
4.
56
2.
94
5
BP
?2
Lu
na
tia
in
te
rn
a
17
.7
9
16
.7
4
0.
37
BP
?3
Lu
na
tia
in
te
rn
a
15
.9
4
17
.3
3
0.
36
BP
?4
Lu
na
tia
in
te
rn
a
16
.9
18
.1
2
0.
67
BP
?5
Lu
na
tia
in
te
rn
a
18
.1
6
19
.6
4
0.
55
3.
99
2.
12
1
BP
?6
Si
nu
m
ch
es
ap
ea
ke
ns
is
17
.4
2
17
.9
9
0.
39
BP
?7
Eu
sp
ir
a
he
ro
s
16
.1
2
16
.3
6
0.
42
4.
13
2.
69
2
BP
?8
Lu
na
tia
in
te
rn
a
15
.7
5
15
.5
2
0.
49
4.
64
2.
43
1
BP
?9
Lu
na
tia
in
te
rn
a
14
.8
15
.9
9
0.
42
3.
33
1.
59
1
BP
?1
0
Lu
na
tia
in
te
rn
a
16
.9
8
17
.4
9
0.
42
BP
?1
1
Lu
na
tia
in
te
rn
a
16
.2
4
16
.8
5
0.
62
3.
87
1.
99
1
BP
?1
2
Lu
na
tia
in
te
rn
a
15
.2
16
.2
4
0.
41
3.
84
2.
23
2
BP
?1
3
Lu
na
tia
in
te
rn
a
14
.0
2
15
.4
8
0.
44
3.
25
1.
84
2
BP
?1
4
Lu
na
tia
in
te
rn
a
17
.7
18
.1
3
0.
65
3.
55
2.
2
2
BP
?1
5
Lu
na
tia
in
te
rn
a
15
.6
7
16
.0
9
0.
57
3.
41
1.
92
2
BP
?1
6
Lu
na
tia
in
te
rn
a
14
.9
6
16
.0
7
0.
68
BP
?1
7
Lu
na
tia
in
te
rn
a
13
.5
6
14
.2
2
0.
36
1.
83
1.
15
4
BP
?1
8
Lu
na
tia
in
te
rn
a
13
.6
1
13
.9
1
0.
26
3.
16
1.
56
2
BP
?1
9
Lu
na
tia
in
te
rn
a
18
.4
6
20
.0
3
0.
69
4.
68
2.
58
1
BP
?2
0
Si
nu
m
ch
es
ap
ea
ke
ns
is
18
.1
4
18
.9
3
0.
5
Br
an
t's
?Pi
t
M
us
eu
m
?(B
uc
k?W
ar
d?
VM
N
H
)
Yo
rk
to
w
n
89
BP
?2
1
Lu
na
tia
in
te
rn
a
16
.6
4
17
.6
9
0.
85
BP
?2
2
Si
nu
m
pe
rs
pe
ct
iv
iu
m
15
.7
7
10
.0
3
0.
34
BP
?2
3
Si
nu
m
ch
es
ap
ea
ke
ns
is
16
.5
6
15
.6
1
0.
56
BP
?2
4
Si
nu
m
ch
es
ap
ea
ke
ns
is
10
.0
6
9.
64
0.
29
BP
?2
5
Lu
na
tia
in
te
rn
a
8.
69
9.
11
0.
28
BP
?2
6
Lu
na
tia
in
te
rn
a
10
.1
2
9.
9
0.
28
BP
?2
7
Lu
na
tia
pe
rs
pe
ct
iv
a
9.
62
10
.6
2
0.
23
2.
63
1.
43
2
BP
?2
8
Lu
na
tia
in
te
rn
a
14
.3
2
14
.7
9
0.
3
BP
?2
9
Lu
na
tia
in
te
rn
a
21
.7
4
22
.9
7
0.
52
4.
72
2.
68
1
BP
?3
0
Lu
na
tia
in
te
rn
a
15
.8
9
16
.2
2
0.
47
5.
29
2.
91
1
BP
?3
1
Lu
na
tia
in
te
rn
a
18
.5
5
18
.7
9
0.
53
4.
31
3.
11
2
BP
?3
2
Lu
na
tia
in
te
rn
a
15
.1
9
15
.7
3
0.
34
2.
36
1.
21
2
BP
?3
3
Lu
na
tia
in
te
rn
a
10
.2
3
10
.9
5
0.
32
4.
17
2.
74
5
BP
?3
4
Lu
na
tia
in
te
rn
a
16
.3
8
15
.4
7
0.
38
BP
?3
5
Lu
na
tia
in
te
rn
a
14
.2
6
15
.2
1
0.
43
4.
42
2.
61
1
BP
?3
6
Si
nu
m
ch
es
ap
ea
ke
ns
is
12
.9
3
12
.4
7
0.
37
BP
?3
7
Lu
na
tia
in
te
rn
a
12
.3
6
13
.0
4
0.
26
2.
48
1.
47
2
BP
?3
8
Si
nu
m
ch
es
ap
ea
ke
ns
is
10
.1
9
10
.7
3
0.
43
BP
?3
9
Lu
na
tia
pe
rs
pe
ct
iv
a
14
.0
7
14
.9
4
0.
41
BP
?4
0
Lu
na
tia
pe
rs
pe
ct
iv
a
12
.3
3
13
.0
5
0.
33
BP
?4
1
Lu
na
tia
in
te
rn
a
16
.2
7
16
.6
8
0.
4
4.
95
2.
57
2
BP
?4
2
Lu
na
tia
in
te
rn
a
10
.2
10
.9
3
0.
27
2.
6
1.
6
1
BP
?4
3
Po
lin
ic
es
sp
.
8.
75
10
.0
5
0.
41
3.
13
1.
78
2
BP
?4
4
Po
lin
ic
es
sp
.
9.
46
11
.1
0.
35
BP
?4
5
Po
lin
ic
es
sp
.
10
.1
8
10
.7
8
0.
3
2.
87
1.
7
1
BP
?4
6
Lu
na
tia
pe
rs
pe
ct
iv
a
9.
5
10
.0
6
0.
3
BP
?4
7
Si
nu
m
ch
es
ap
ea
ke
ns
is
14
.9
6
14
.3
1
0.
48
BP
?4
8
Po
lin
ic
es
sp
.
9.
97
11
.0
8
0.
27
2.
99
1.
72
2
BP
?4
9
Lu
na
tia
in
te
rn
a
14
.2
1
13
.8
4
0.
43
BP
?5
0
Si
nu
m
ch
es
ap
ea
ke
ns
is
7.
45
7.
85
0.
19
90
BP
?5
1
Si
nu
m
ch
es
ap
ea
ke
ns
is
6.
56
6.
44
0.
15
BP
?5
2
Lu
na
tia
in
te
rn
a
9.
98
10
.4
3
0.
26
3
1.
58
2
BP
?5
3
Lu
na
tia
in
te
rn
a
10
.4
7
11
.0
8
0.
69
4.
35
2.
38
6
BP
?5
4
Po
lin
ic
es
sp
.
8.
32
9.
32
0.
34
BP
?5
5
Lu
na
tia
in
te
rn
a
10
.1
2
10
.2
8
0.
3
1.
67
0.
68
2
BP
?5
6
Po
lin
ic
es
sp
.
9.
98
11
.3
8
0.
35
BP
?5
7
Po
lin
ic
es
sp
.
8.
98
10
.6
6
0.
45
BP
?5
8
Lu
na
tia
in
te
rn
a
9.
03
9.
25
0.
3
BP
?5
9
Po
lin
ic
es
sp
.
8.
26
9.
94
0.
3
BP
?6
0
Po
lin
ic
es
sp
.
8.
25
8.
97
0.
33
BP
?6
1
Lu
na
tia
in
te
rn
a
8.
64
9.
81
0.
34
BP
?6
2
Lu
na
tia
in
te
rn
a
12
.3
6
13
.0
8
0.
34
BP
?6
3
Po
lin
ic
es
sp
.
8.
15
9.
11
0.
27
BP
?6
4
Po
lin
ic
es
sp
.
4.
89
6.
14
0.
2
BP
?6
5
Lu
na
tia
in
te
rn
a
7.
32
7.
97
0.
22
BP
?6
6
Si
nu
m
ch
es
ap
ea
ke
ns
is
7.
56
7.
99
0.
24
BP
?6
7
Eu
sp
ir
a
he
ro
s
7.
24
7.
39
0.
31
BP
?6
8
Lu
na
tia
in
te
rn
a
6.
73
7.
11
0.
22
BP
?6
9
Lu
na
tia
in
te
rn
a
7.
09
7.
84
0.
29
BP
?7
0
Si
nu
m
ch
es
ap
ea
ke
ns
is
6.
45
6.
77
0.
2
BP
?7
1
Po
lin
ic
es
sp
.
7.
2
7.
92
0.
37
BP
?7
2
Te
ct
on
at
ic
ap
us
ill
a
3.
37
4.
28
0.
22
BP
?7
3
Po
lin
ic
es
sp
.
6.
57
7.
52
0.
45
BP
?7
4
Po
lin
ic
es
sp
.
6.
31
7.
23
0.
22
BP
?7
5
Po
lin
ic
es
sp
.
5.
93
6.
2
0.
24
2.
07
0.
9
3
BP
?7
6
Te
ct
on
at
ic
ap
us
ill
a
5.
27
5.
96
0.
3
2.
81
1.
88
4
BP
?7
7
Eu
sp
ir
a
he
ro
s
5.
63
5.
95
0.
47
BP
?7
8
Lu
na
tia
in
te
rn
a
5.
92
6.
42
0.
24
BP
?7
9
Te
ct
on
at
ic
ap
us
ill
a
4.
25
4.
61
0.
23
2.
22
1.
44
3
BP
?8
0
Lu
na
tia
in
te
rn
a
3.
32
3.
64
0.
13
1.
74
1.
16
4
91
BP
?8
1
Lu
na
tia
pe
rs
pe
ct
iv
a
4.
45
5.
04
0.
33
BP
?8
2
Te
ct
on
at
ic
ap
us
ill
a
4.
2
4.
94
0.
28
BP
?8
3
Te
ct
on
at
ic
ap
us
ill
a
4.
43
4.
96
0.
25
2.
27
1.
59
1
BP
?8
4
Si
nu
m
ch
es
ap
ea
ke
ns
is
5.
96
5.
01
0.
14
BP
?8
5
Si
nu
m
ch
es
ap
ea
ke
ns
is
4.
61
4.
78
0.
2
BP
?8
6
Te
ct
on
at
ic
ap
us
ill
a
3.
59
4.
27
0.
13
2.
28
1.
76
4
BP
?8
7
Te
ct
on
at
ic
ap
us
ill
a
4.
31
4.
83
0.
25
BP
?8
8
Lu
na
tia
in
te
rn
a
4.
49
4.
6
0.
22
BP
?8
9
Te
ct
on
at
ic
ap
us
ill
a
3.
37
4
0.
11
BP
?9
0
Te
ct
on
at
ic
ap
us
ill
a
2.
93
3.
27
0.
1
BP
?9
1
Eu
sp
ir
a
he
ro
s
2.
16
1.
99
0.
13
BP
?9
2
Eu
sp
ir
a
he
ro
s
3.
74
3.
54
0.
14
BP
?9
3
Te
ct
on
at
ic
ap
us
ill
a
2.
96
3.
25
0.
16
BP
?9
4
Lu
na
tia
in
te
rn
a
3.
68
3.
7
0.
42
BP
?9
5
Eu
sp
ir
a
he
ro
s
3.
12
3.
37
0.
24
BP
?9
6
Te
ct
on
at
ic
ap
us
ill
a
2.
73
2.
95
0.
23
BP
?9
7
Lu
na
tia
in
te
rn
a
3.
01
3.
58
0.
48
BP
?9
8
Eu
sp
ir
a
he
ro
s
3.
06
2.
98
0.
12
BP
?9
9
Lu
na
tia
in
te
rn
a
3.
12
3.
54
0.
23
92
Lo
ca
lit
y
D
at
e?C
ol
le
ct
ed
N
ea
r?E
liz
ab
et
ht
ow
n,
?N
C
Fo
rm
at
io
n
m
m
m
m
m
m
m
m
m
m
Specimen
Genus
Species
Length
Height
Thickness
External ?Hole?Diameter
Internal ?Hole?Diameter
Hole?Sector
Notes
EB
T?
1
N
ev
er
ita
du
pl
ic
at
a
27
.5
7
24
.2
9
0.
67
EB
T?
2
N
ev
er
ita
du
pl
ic
at
a
26
.5
2
22
.9
1
0.
7
3.
36
2.
44
3
EB
T?
3
N
ev
er
ita
du
pl
ic
at
a
19
.6
17
.8
1
0.
64
EB
T?
4
N
ev
er
ita
du
pl
ic
at
a
20
.5
4
17
.6
2
0.
49
4.
2
2.
79
4
EB
T?
5
N
ev
er
ita
du
pl
ic
at
a
18
.3
5
13
.9
0.
58
EB
T?
6
N
ev
er
ita
du
pl
ic
at
a
18
.4
7
14
.1
1
0.
96
EB
T?
7
N
ev
er
ita
du
pl
ic
at
a
20
.4
3
17
.4
2
0.
77
EB
T?
8
N
ev
er
ita
du
pl
ic
at
a
23
.4
9
19
.6
7
0.
44
EB
T?
9
N
ev
er
ita
du
pl
ic
at
a
20
.2
4
17
.1
9
0.
84
EB
T?
10
N
ev
er
ita
du
pl
ic
at
a
13
.1
7
19
.1
2
0.
69
EB
T?
11
Lu
na
tia
pe
rs
pe
ct
iv
a
28
.3
8
32
.2
5
0.
73
EB
T?
12
N
ev
er
ita
du
pl
ic
at
a
10
.6
4
9.
11
0.
45
EB
T?
13
N
ev
er
ita
du
pl
ic
at
a
32
.8
29
.9
0.
6
EB
T?
14
N
ev
er
ita
du
pl
ic
at
a
17
.4
5
12
.5
5
0.
79
EB
T?
15
N
ev
er
ita
du
pl
ic
at
a
11
.3
4
9.
51
0.
63
2.
57
1.
55
7
EB
T?
16
N
ev
er
ita
du
pl
ic
at
a
25
19
.7
4
0.
66
EB
T?
17
N
ev
er
ita
du
pl
ic
at
a
21
.9
3
19
.3
3
0.
4
EB
T?
18
N
ev
er
ita
du
pl
ic
at
a
22
.4
6
18
.0
8
0.
59
EB
T?
19
N
ev
er
ita
du
pl
ic
at
a
23
.2
4
23
.7
1.
06
EB
T?
20
N
ev
er
ita
du
pl
ic
at
a
24
.4
7
23
.0
4
0.
75
El
iz
ab
et
ht
ow
n,
?N
C
M
us
eu
m
?(B
uc
k?W
ar
d?
VM
N
H
)
Ch
ow
an
?R
iv
er
93
Lo
ca
lit
y
D
at
e?C
ol
le
ct
ed
N
ea
r?3
6°
01
'?N
?76
°4
3'
W
Fo
rm
at
io
n
m
m
m
m
m
m
m
m
m
m
Specimen
Genus
Species
Length
Height
Thickness
External ?Hole?Diameter
Internal ?Hole?Diameter
Hole?Sector
Notes
G
P?
1
Eu
sp
ir
a
he
ro
s
24
.9
3
30
.2
3
0.
42
G
P?
2
N
ev
er
ita
du
pl
ic
at
a
31
.8
4
31
.4
9
0.
69
G
P?
3
Eu
sp
ir
a
he
ro
s
39
.4
5
33
.8
6
0.
79
G
P?
4
Eu
sp
ir
a
he
ro
s
47
.1
2
51
.8
0.
6
G
P?
5
Eu
sp
ir
a
he
ro
s
28
.1
5
28
.7
8
0.
52
G
P?
6
N
ev
er
ita
du
pl
ic
at
a
19
.9
7
15
.8
1
0.
81
G
P?
7
Eu
sp
ir
a
he
ro
s
18
.5
5
18
.5
4
0.
23
G
P?
8
N
ev
er
ita
du
pl
ic
at
a
19
.1
4
23
.5
7
0.
64
G
P?
9
N
ev
er
ita
du
pl
ic
at
a
28
.3
25
.3
8
0.
63
G
P?
10
N
ev
er
ita
du
pl
ic
at
a
16
.7
16
.2
0.
67
G
P?
11
N
ev
er
ita
du
pl
ic
at
a
19
.4
9
14
.6
0.
51
G
P?
12
N
ev
er
ita
du
pl
ic
at
a
40
.7
3
42
.0
4
0.
49
G
P?
13
N
ev
er
ita
du
pl
ic
at
a
49
.9
1
45
.6
1.
15
G
P?
14
Eu
sp
ir
a
he
ro
s
44
.8
44
.3
5
0.
4
G
P?
15
Eu
sp
ir
a
he
ro
s
25
.9
3
26
.8
4
0.
61
G
P?
16
N
ev
er
ita
du
pl
ic
at
a
37
.8
2
35
.6
3
0.
52
G
P?
17
Eu
sp
ir
a
he
ro
s
22
.8
8
23
.1
3
0.
48
G
P?
18
Eu
sp
ir
a
he
ro
s
56
.7
5
60
.3
3
2.
2
G
P?
19
N
ev
er
ita
du
pl
ic
at
a
44
.2
1
42
.9
3
1.
61
G
P?
20
N
ev
er
ita
du
pl
ic
at
a
45
.1
2
39
.4
5
1.
11
G
om
ez
?Pi
t
M
us
eu
m
?(B
uc
k?W
ar
d?
VM
N
H
)
Ch
ow
an
?R
iv
er
94
G
P?
21
Eu
sp
ir
a
he
ro
s
22
.3
3
21
.7
4
0.
45
G
P?
22
Eu
sp
ir
a
he
ro
s
35
.7
38
.3
9
0.
62
G
P?
23
N
ev
er
ita
du
pl
ic
at
a
42
.0
6
10
.1
3
0.
79
G
P?
24
Eu
sp
ir
a
he
ro
s
32
.9
5
26
.3
5
1.
19
G
P?
25
N
ev
er
ita
du
pl
ic
at
a
42
.9
40
.3
1
0.
45
G
P?
26
N
ev
er
ita
du
pl
ic
at
a
44
.5
5
41
.4
4
0.
97
G
P?
27
Eu
sp
ir
a
he
ro
s
32
.3
3
34
.6
9
0.
51
G
P?
28
N
ev
er
ita
du
pl
ic
at
a
40
.4
3
41
.5
4
0.
68
14
.1
6
8.
06
4
G
P?
29
N
ev
er
ita
du
pl
ic
at
a
33
.2
1
25
.0
3
0.
69
G
P?
30
N
ev
er
ita
du
pl
ic
at
a
31
.7
30
.1
7
0.
65
G
P?
31
N
ev
er
ita
du
pl
ic
at
a
40
.0
3
32
.5
3
1.
07
G
P?
32
N
ev
er
ita
du
pl
ic
at
a
43
.8
8
36
.6
2
0.
85
G
P?
33
N
ev
er
ita
du
pl
ic
at
a
41
.6
2
38
.2
9
1.
01
G
P?
34
N
ev
er
ita
du
pl
ic
at
a
31
.5
4
29
.3
4
0.
9
G
P?
35
Eu
sp
ir
a
he
ro
s
34
.8
37
.7
8
0.
49
95
Lo
ca
lit
y
D
at
e?C
ol
le
ct
ed
So
ut
hw
es
t?o
f?C
ol
um
bu
s,
?N
C
Fo
rm
at
io
n
m
m
m
m
m
m
m
m
m
m
Specimen
Genus
Species
Length
Height
Thickness
External ?Hole?Diameter
Internal ?Hole?Diameter
Hole?Sector
Notes
A
C2
?1
Lu
na
tia
in
te
rn
a
47
.4
8
45
.4
7
0.
98
A
C2
?2
Te
ct
on
at
ic
a
pu
si
lla
6.
12
6.
18
0.
27
A
C2
?3
N
ev
er
ita
du
pl
ic
at
a
26
.7
7
20
.9
9
0.
65
A
C2
?4
N
ev
er
ita
du
pl
ic
at
a
20
.5
3
15
.7
2
0.
55
A
C2
?5
N
ev
er
ita
du
pl
ic
at
a
14
.8
1
11
.4
7
0.
47
A
C2
?6
N
at
ic
ar
iu
s
ca
nr
en
a
12
.2
11
.8
4
0.
58
A
C2
?7
N
ev
er
ita
du
pl
ic
at
a
14
.8
6
11
.9
2
0.
38
3.
58
1.
59
2
A
C2
?8
N
ev
er
ita
du
pl
ic
at
a
9.
67
7.
66
0.
41
A
C2
?9
Te
ct
on
at
ic
a
pu
si
lla
4.
33
4.
94
0.
23
A
C2
?1
0
Te
ct
on
at
ic
a
pu
si
lla
6.
72
7.
47
0.
27
A
C2
?1
1
Te
ct
on
at
ic
a
pu
si
lla
5.
57
6.
05
0.
28
A
C2
?1
2
Te
ct
on
at
ic
a
pu
si
lla
3.
88
4.
65
0.
29
A
C2
?1
3
Si
nu
m
ch
es
ap
ea
ke
n s
10
.5
2
6.
92
0.
28
A
C2
?1
4
Te
ct
on
at
ic
a
pu
si
lla
5.
93
6.
5
0.
26
A
C2
?1
5
Te
ct
on
at
ic
a
pu
si
lla
5.
91
6.
49
0.
29
A
C2
?1
6
Si
nu
m
ch
es
ap
ea
ke
n s
7.
66
5.
72
0.
25
A
C2
?1
7
Te
ct
on
at
ic
a
pu
si
lla
5.
4
5.
86
0.
27
A
C2
?1
8
Te
ct
on
at
ic
a
pu
si
lla
5.
55
5.
98
0.
22
A
C2
?1
9
Te
ct
on
at
ic
a
pu
si
lla
4.
8
5.
6
0.
26
A
cm
e,
?N
C?
14
46
M
us
eu
m
?(P
RI
)
Lo
w
er
?W
ac
ca
m
aw
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2
A
C?
10
1
Te
ct
on
at
ic
a
pu
si
lla
3.
52
3.
59
1.
19
A
C?
10
2
Te
ct
on
at
ic
a
pu
si
lla
2.
89
2.
99
0.
19
A
C?
10
3
Te
ct
on
at
ic
a
pu
si
lla
3.
29
3.
09
0.
18
A
C?
10
4
Te
ct
on
at
ic
a
pu
si
lla
3.
38
3.
5
0.
19
A
C?
10
5
Te
ct
on
at
ic
a
pu
si
lla
3.
71
3.
84
0.
17
A
C?
10
6
Te
ct
on
at
ic
a
pu
si
lla
2.
99
2.
89
0.
24
103
A
C?
10
7
Te
ct
on
at
ic
a
pu
si
lla
3.
34
3.
64
0.
15
A
C?
10
8
Te
ct
on
at
ic
a
pu
si
lla
3.
21
3.
29
0.
17
A
C?
10
9
Te
ct
on
at
ic
a
pu
si
lla
3.
44
3.
79
0.
1
A
C?
11
0
Te
ct
on
at
ic
a
pu
si
lla
2.
99
3.
1
0.
16
A
C?
11
1
Te
ct
on
at
ic
a
pu
si
lla
2.
95
3.
24
0.
16
A
C?
11
2
Te
ct
on
at
ic
a
pu
si
lla
2.
41
2.
54
0.
18
A
C?
11
3
Te
ct
on
at
ic
a
pu
si
lla
2.
79
2.
95
0.
19
0.
96
0.
78
A
C?
11
4
Te
ct
on
at
ic
a
pu
si
lla
2.
85
3.
05
0.
18
A
C?
11
5
Te
ct
on
at
ic
a
pu
si
lla
2.
77
3.
04
0.
16
A
C?
11
6
Te
ct
on
at
ic
a
pu
si
lla
3.
2
3.
23
0.
16
A
C?
11
7
Te
ct
on
at
ic
a
pu
si
lla
2.
94
2.
59
0.
11
2.
01
16
67
104
Lo
ca
lit
y
D
at
e?C
ol
le
ct
ed
So
ut
hw
es
t?o
f?C
ol
um
bu
s,
?N
C
Fo
rm
at
io
n
m
m
m
m
m
m
m
m
m
m
Specimen
Genus
Species
Length
Height
Thickness
External ?Hole?Diameter
Internal ?Hole?Diameter
Hole?Sector
Notes
O
D
TU
?1
N
ev
er
ita
du
pl
ic
at
a
77
.8
8
59
.5
1.
19
O
D
TU
?2
N
ev
er
ita
du
pl
ic
at
a
56
.0
8
49
.2
4
1.
08
O
D
TU
?3
N
ev
er
ita
du
pl
ic
at
a
37
.1
2
31
.3
9
0.
91
5.
18
2.
93
2
O
D
TU
?4
N
ev
er
ita
du
pl
ic
at
a
41
.8
5
37
.5
6
0.
78
O
D
TU
?5
N
ev
er
ita
du
pl
ic
at
a
37
.6
7
32
.2
6
1.
46
O
D
TU
?6
N
ev
er
ita
du
pl
ic
at
a
33
.7
7
27
.8
4
0.
57
O
D
TU
?7
N
ev
er
ita
du
pl
ic
at
a
49
.2
6
43
.6
4
1.
07
O
D
TU
?8
N
ev
er
ita
du
pl
ic
at
a
42
.4
35
.0
7
1.
05
O
D
TU
?9
N
ev
er
ita
du
pl
ic
at
a
29
.6
3
25
.7
1
1.
11
O
D
TU
?1
0
N
ev
er
ita
du
pl
ic
at
a
36
.0
8
27
.1
2
0.
59
O
D
TU
?1
1
N
ev
er
ita
du
pl
ic
at
a
32
.2
2
25
.5
0.
8
4.
64
2.
43
1
O
D
TU
?1
2
N
ev
er
ita
du
pl
ic
at
a
29
.2
8
23
.8
1
0.
78
O
D
TU
?1
3
N
ev
er
ita
du
pl
ic
at
a
42
.4
5
35
.7
9
1.
11
O
D
TU
?1
4
N
ev
er
ita
du
pl
ic
at
a
30
.8
5
25
.2
3
0.
85
O
D
TU
?1
5
N
ev
er
ita
du
pl
ic
at
a
60
.7
7
56
.3
6
1.
19
O
D
TU
?1
6
N
ev
er
ita
du
pl
ic
at
a
29
.3
6
23
.9
9
0.
58
6.
34
3.
23
2
O
D
TU
?1
7
N
ev
er
ita
du
pl
ic
at
a
22
.0
8
19
.7
2
0.
62
O
D
TU
?1
8
N
ev
er
ita
du
pl
ic
at
a
21
.6
5
17
.5
6
0.
7
O
D
TU
?1
9
N
ev
er
ita
du
pl
ic
at
a
62
.9
5
57
.7
8
1.
17
O
ld
?D
oc
k?(
TU
?87
0)
FM
N
H
lo
w
er
?W
ac
ca
m
aw
105
O
D
TU
?2
0
N
ev
er
ita
du
pl
ic
at
a
15
.2
9
12
.7
4
0.
51
4.
56
2.
16
3
O
D
TU
?2
1
N
ev
er
ita
du
pl
ic
at
a
30
.7
6
24
.3
1
0.
79
O
D
TU
?2
2
N
ev
er
ita
du
pl
ic
at
a
28
.7
5
22
.2
1
0.
72
O
D
TU
?2
3
N
ev
er
ita
du
pl
ic
at
a
16
.2
2
10
.9
8
0.
43
O
D
TU
?2
4
N
ev
er
ita
du
pl
ic
at
a
19
.3
3
15
.1
3
0.
54
O
D
TU
?2
5
N
ev
er
ita
du
pl
ic
at
a
53
.9
4
49
.5
3
1.
03
O
D
TU
?2
6
N
ev
er
ita
du
pl
ic
at
a
37
.2
3
32
.5
6
0.
87
O
D
TU
?2
7
N
ev
er
ita
du
pl
ic
at
a
22
.9
2
19
.5
1
0.
41
O
D
TU
?2
8
N
ev
er
ita
du
pl
ic
at
a
14
.0
5
10
.3
8
0.
66
O
D
TU
?2
9
N
ev
er
ita
du
pl
ic
at
a
81
.5
9
73
.8
4
1.
62
O
D
TU
?3
0
Eu
sp
ir
a
he
ro
s
46
.2
48
.6
3
1.
14
O
D
TU
?3
1
Eu
sp
ir
a
he
ro
s
50
.5
3
51
.4
2
0.
78
5.
11
3.
6
3
O
D
TU
?3
2
Eu
sp
ir
a
he
ro
s
41
.4
3
44
.6
9
0.
45
O
D
TU
?3
3
Eu
sp
ir
a
he
ro
s
35
.4
7
40
.4
5
0.
76
O
D
TU
?3
4
Eu
sp
ir
a
he
ro
s
38
.5
38
.7
4
0.
48
O
D
TU
?3
5
Eu
sp
ir
a
he
ro
s
55
.3
4
53
.4
4
0.
93
O
D
TU
?3
6
Eu
sp
ir
a
he
ro
s
46
.5
4
47
.2
4
0.
99
O
D
TU
?3
7
N
at
ic
ar
iu
s
ca
nr
en
a
29
.7
9
31
.3
9
0.
58
O
D
TU
?3
8
N
at
ic
ar
iu
s
ca
nr
en
a
30
.8
4
30
.1
7
1.
31
5.
13
2.
89
1
O
D
TU
?3
9
N
at
ic
ar
iu
s
ca
nr
en
a
29
.8
6
30
.4
2
1.
06
O
D
TU
?4
0
Eu
sp
ir
a
he
ro
s
54
.9
6
59
.2
1
1.
18
O
D
TU
?4
1
Eu
sp
ir
a
he
ro
s
50
.0
7
54
.8
3
0.
65
O
D
TU
?4
2
Eu
sp
ir
a
he
ro
s
36
.8
8
38
.6
4
0.
6
O
D
TU
?4
3
Eu
sp
ir
a
he
ro
s
34
.9
9
37
.4
4
0.
78
4.
58
2.
56
3
O
D
TU
?4
4
Eu
sp
ir
a
he
ro
s
58
.0
3
56
.9
7
1.
3
O
D
TU
?4
5
N
at
ic
ar
iu
s
ca
nr
en
a
34
.8
1
36
.8
3
0.
86
O
D
TU
?4
6
Eu
sp
ir
a
he
ro
s
27
.2
27
.2
8
0.
42
O
D
TU
?4
7
N
at
ic
ar
iu
s
ca
nr
en
a
34
.6
9
34
.7
0.
77
O
D
TU
?4
8
N
at
ic
ar
iu
s
ca
nr
en
a
35
.1
8
34
.2
3
0.
98
106
O
D
TU
?4
9
N
at
ic
ar
iu
s
ca
nr
en
a
25
.3
7
25
.1
1
0.
64
4.
37
2.
46
2
O
D
TU
?5
0
N
at
ic
ar
iu
s
ca
nr
en
a
31
.0
5
32
.2
4
1.
05
4.
56
2.
51
1
O
D
TU
?5
1
Eu
sp
ir
a
he
ro
s
23
.1
9
22
.9
2
0.
42
O
D
TU
?5
2
N
ev
er
ita
du
pl
ic
at
a
81
.5
6
66
.2
4
1.
74
O
D
TU
?5
3
N
ev
er
ita
du
pl
ic
at
a
80
.5
6
68
.1
6
1.
04
O
D
TU
?5
4
N
ev
er
ita
du
pl
ic
at
a
78
.5
9
65
.6
5
1.
28
O
D
TU
?5
5
N
ev
er
ita
du
pl
ic
at
a
61
.5
2
53
.6
2
0.
98
O
D
TU
?5
6
N
ev
er
ita
du
pl
ic
at
a
46
.2
3
40
.8
4
0.
8
O
D
TU
?5
7
N
ev
er
ita
du
pl
ic
at
a
21
.9
1
16
.7
4
0.
47
O
D
TU
?5
8
N
ev
er
ita
du
pl
ic
at
a
14
.7
4
10
.3
9
0.
49
2.
31
1.
02
3
O
D
TU
?5
9
N
ev
er
ita
du
pl
ic
at
a
23
.2
6
20
.9
0.
68
O
D
TU
?6
0
N
ev
er
ita
du
pl
ic
at
a
46
.2
7
37
.6
1
1.
5
O
D
TU
?6
1
N
ev
er
ita
du
pl
ic
at
a
42
.0
2
36
.6
6
0.
58
O
D
TU
?6
2
N
ev
er
ita
du
pl
ic
at
a
65
.3
7
57
.9
4
1.
25
O
D
TU
?6
3
N
ev
er
ita
du
pl
ic
at
a
26
.9
5
22
.6
7
0.
62
O
D
TU
?6
4
N
ev
er
ita
du
pl
ic
at
a
19
.1
8
13
.8
2
0.
53
O
D
TU
?6
5
N
ev
er
ita
du
pl
ic
at
a
62
.2
9
51
.8
1.
1
O
D
TU
?6
6
N
ev
er
ita
du
pl
ic
at
a
26
.6
5
20
.9
8
0.
71
O
D
TU
?6
7
N
ev
er
ita
du
pl
ic
at
a
38
.5
5
30
.7
7
0.
54
O
D
TU
?6
8
N
ev
er
ita
du
pl
ic
at
a
15
.7
7
11
.8
6
0.
43
O
D
TU
?6
9
N
ev
er
ita
du
pl
ic
at
a
25
.8
1
21
.1
5
0.
72
O
D
TU
?7
0
N
ev
er
ita
du
pl
ic
at
a
21
.0
4
18
.1
3
0.
57
O
D
TU
?7
1
N
ev
er
ita
du
pl
ic
at
a
28
.5
2
21
.6
8
0.
46
O
D
TU
?7
2
N
ev
er
ita
du
pl
ic
at
a
30
24
.5
7
0.
87
O
D
TU
?7
3
N
ev
er
ita
du
pl
ic
at
a
64
.3
5
51
.5
6
1.
15
O
D
TU
?7
4
N
ev
er
ita
du
pl
ic
at
a
13
.8
8
9.
8
0.
59
O
D
TU
?7
5
N
ev
er
ita
du
pl
ic
at
a
25
.3
9
19
.8
4
0.
52
O
D
TU
?7
6
N
ev
er
ita
du
pl
ic
at
a
15
.8
5
14
.3
7
0.
78
4.
67
8
107
Lo
ca
lit
y
D
at
e?C
ol
le
ct
ed
So
ut
hw
es
t?o
f?C
ol
um
bu
s,
?N
C
Fo
rm
at
io
n
m
m
m
m
m
m
m
m
m
m
Specimen
Genus
Species
Length
Height
Thickness
External ?Hole?Diameter
Internal ?Hole?Diameter
Hole?Sector
Notes
O
D
P?
1
N
ev
er
ita
du
pl
ic
at
a
85
.3
8
69
.2
2
1.
52
O
D
P?
2
N
ev
er
ita
du
pl
ic
at
a
78
.9
9
66
.8
5
1.
24
O
D
P?
3
N
ev
er
ita
du
pl
ic
at
a
90
.3
5
76
.4
5
1.
34
O
D
P?
4
Eu
sp
ir
a
he
ro
s
22
.4
3
21
.8
2
0.
38
O
D
P?
5
N
ev
er
ita
du
pl
ic
at
a
58
.1
1
54
.4
0.
88
O
D
P?
6
Eu
sp
ir
a
he
ro
s
36
.5
5
37
.3
9
0.
54
5.
07
3.
61
5
O
D
P?
7
N
ev
er
ita
du
pl
ic
at
a
26
.9
8
22
.9
8
0.
88
O
D
P?
8
Eu
sp
ir
a
he
ro
s
57
.4
1
60
.5
7
1.
18
O
D
P?
9
N
ev
er
ita
du
pl
ic
at
a
49
.3
3
42
.7
8
1.
09
O
D
P?
10
N
ev
er
ita
du
pl
ic
at
a
40
.9
5
33
.9
3
0.
79
O
D
P?
11
Eu
sp
ir
a
he
ro
s
35
.3
8
37
.7
4
0.
59
O
D
P?
12
N
ev
er
ita
du
pl
ic
at
a
22
.6
2
17
.8
5
0.
45
O
D
P?
13
N
at
ic
ar
iu
s
ca
nr
en
a
17
.1
8
17
.1
4
0.
66
O
D
P?
14
N
at
ic
ar
iu
s
ca
nr
en
a
37
.3
7
37
.4
6
1.
12
O
D
P?
15
N
ev
er
ita
du
pl
ic
at
a
15
.8
2
11
.4
2
0.
52
O
D
P?
16
Eu
sp
ir
a
he
ro
s
11
.9
4
12
.7
2
0.
32
3.
39
1.
39
2
O
D
P?
17
N
at
ic
ar
iu
s
ca
nr
en
a
33
.3
3
32
.1
2
0.
88
O
D
P?
18
N
ev
er
ita
du
pl
ic
at
a
68
.2
8
60
.3
9
1.
3
O
D
P?
19
N
at
ic
ar
iu
s
ca
nr
en
a
39
.4
1
42
.6
3
1.
64
O
ld
?D
oc
k?(
Pe
tit
)
FM
N
H
lo
w
er
?W
ac
ca
m
aw
108
O
D
P?
20
N
at
ic
ar
iu
s
ca
nr
en
a
39
.3
8
42
.4
4
1.
21
O
D
P?
21
Eu
sp
ir
a
he
ro
s
28
.2
5
28
.8
3
0.
76
O
D
P?
22
Eu
sp
ir
a
he
ro
s
17
.4
4
17
.9
6
0.
58
O
D
P?
23
N
at
ic
ar
iu
s
ca
nr
en
a
34
.8
8
38
.8
5
0.
89
O
D
P?
24
N
at
ic
ar
iu
s
ca
nr
en
a
37
.6
7
39
.0
8
0.
57
O
D
P?
25
N
at
ic
ar
iu
s
ca
nr
en
a
30
29
.9
5
0.
69
4.
77
2.
29
2
O
D
P?
26
N
ev
er
ita
du
pl
ic
at
a
19
.2
6
15
.4
6
0.
55
O
D
P?
27
Eu
sp
ir
a
he
ro
s
46
.4
1
46
.8
9
0.
91
O
D
P?
28
N
at
ic
ar
iu
s
ca
nr
en
a
53
.8
54
.4
9
0.
65
O
D
P?
29
N
ev
er
ita
du
pl
ic
at
a
36
.7
7
31
.6
7
0.
92
O
D
P?
30
Eu
sp
ir
a
he
ro
s
8.
56
9.
13
0.
18
O
D
P?
31
Eu
sp
ir
a
he
ro
s
20
.8
5
19
.3
3
0.
31
O
D
P?
32
N
at
ic
ar
iu
s
ca
nr
en
a
24
.7
4
25
.2
4
0.
53
O
D
P?
33
N
at
ic
ar
iu
s
ca
nr
en
a
20
.3
4
20
.7
4
0.
59
O
D
P?
34
N
ev
er
ita
du
pl
ic
at
a
20
.7
6
14
.6
1
0.
38
O
D
P?
35
N
ev
er
ita
du
pl
ic
at
a
24
.5
9
18
.5
2
0.
5
5.
74
3.
25
2
O
D
P?
36
N
ev
er
ita
du
pl
ic
at
a
28
.5
2
21
.3
7
0.
58
O
D
P?
37
N
ev
er
ita
du
pl
ic
at
a
20
.6
6
15
.6
0.
45
O
D
P?
38
N
ev
er
ita
du
pl
ic
at
a
31
.0
8
24
0.
4
5.
62
3.
17
2
O
D
P?
39
N
ev
er
ita
du
pl
ic
at
a
47
.4
8
45
.8
5
0.
85
O
D
P?
40
N
ev
er
ita
du
pl
ic
at
a
17
.1
5
11
.8
1
0.
43
O
D
P?
41
N
at
ic
ar
iu
s
ca
nr
en
a
23
.8
1
21
.3
1
0.
41
O
D
P?
42
Eu
sp
ir
a
he
ro
s
25
.3
3
23
.8
8
0.
31
4.
18
2.
33
3
O
D
P?
43
N
at
ic
ar
iu
s
ca
nr
en
a
35
.4
5
36
.6
4
0.
78
O
D
P?
44
Eu
sp
ir
a
he
ro
s
30
.4
9
32
.5
2
0.
85
O
D
P?
45
Eu
sp
ir
a
he
ro
s
18
18
.7
0.
45
2.
78
1.
5
3
O
D
P?
46
Eu
sp
ir
a
he
ro
s
20
.8
5
22
.2
7
0.
45
O
D
P?
47
Eu
sp
ir
a
he
ro
s
20
.2
9
19
.7
9
0.
37
O
D
P?
48
N
ev
er
ita
du
pl
ic
at
a
22
.9
2
19
.5
7
0.
74
109
O
D
P?
49
N
ev
er
ita
du
pl
ic
at
a
53
.3
5
40
.9
9
1.
21
O
D
P?
50
Eu
sp
ir
a
he
ro
s
18
.6
4
18
.7
2
0.
39
2.
85
1.
62
3
O
D
P?
51
Eu
sp
ir
a
he
ro
s
21
.9
8
21
.8
2
0.
83
O
D
P?
52
N
at
ic
ar
iu
s
ca
nr
en
a
19
.1
8
19
.0
8
0.
75
O
D
P?
53
N
at
ic
ar
iu
s
ca
nr
en
a
48
.2
1
46
.2
2
0.
65
O
D
P?
54
N
ev
er
ita
du
pl
ic
at
a
36
.4
9
28
.7
2
0.
79
O
D
P?
55
N
at
ic
ar
iu
s
ca
nr
en
a
39
.4
7
38
.9
4
0.
82
O
D
P?
56
Eu
sp
ir
a
he
ro
s
21
.5
6
26
.2
5
0.
42
O
D
P?
57
Eu
sp
ir
a
he
ro
s
20
.4
7
21
.6
6
0.
47
O
D
P?
58
Eu
sp
ir
a
he
ro
s
15
.7
1
17
.4
5
0.
42
O
D
P?
59
N
at
ic
ar
iu
s
ca
nr
en
a
14
.4
1
13
.7
1
0.
77
O
D
P?
60
Eu
sp
ir
a
he
ro
s
11
.8
7
13
.4
5
0.
24
O
D
P?
61
N
ev
er
ita
du
pl
ic
at
a
16
12
.5
5
0.
43
O
D
P?
62
Eu
sp
ir
a
he
ro
s
19
.6
7
19
.7
3
0.
39
O
D
P?
63
N
at
ic
ar
iu
s
ca
nr
en
a
18
.7
5
19
.1
7
0.
63
O
D
P?
64
N
ev
er
ita
du
pl
ic
at
a
20
.9
5
16
.1
0.
45
4.
61
2.
61
2
O
D
P?
65
Eu
sp
ir
a
he
ro
s
33
.7
5
34
.2
6
0.
81
4.
67
3.
19
7
O
D
P?
66
Eu
sp
ir
a
he
ro
s
28
.3
7
29
.6
2
0.
55
O
D
P?
67
N
ev
er
ita
du
pl
ic
at
a
18
.0
2
12
.9
5
0.
51
O
D
P?
68
N
at
ic
ar
iu
s
ca
nr
en
a
19
.5
7
19
.1
3
0.
58
4.
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.8
9
16
.9
1
0.
44
CB
?4
94
N
at
ic
ar
iu
s
ca
nr
en
a
14
.8
1
15
.1
3
0.
45
CB
?4
95
N
at
ic
ar
iu
s
ca
nr
en
a
15
.2
6
14
.4
2
0.
6
CB
?4
96
N
at
ic
ar
iu
s
ca
nr
en
a
13
.5
1
13
.6
5
0.
98
CB
?4
97
N
at
ic
ar
iu
s
ca
nr
en
a
18
.1
4
18
.5
8
0.
69
CB
?4
98
N
ev
er
ita
du
pl
ic
at
a
17
.4
7
15
.0
3
0.
46
CB
?4
99
N
ev
er
ita
du
pl
ic
at
a
19
.4
15
0.
36
CB
?5
00
N
ev
er
ita
du
pl
ic
at
a
17
.4
4
13
.8
2
0.
43
CB
?5
01
N
ev
er
ita
du
pl
ic
at
a
14
.6
11
.5
2
0.
51
CB
?5
02
N
ev
er
ita
du
pl
ic
at
a
18
.1
9
14
.8
8
0.
49
CB
?5
03
N
ev
er
ita
du
pl
ic
at
a
14
.4
7
12
.6
5
0.
86
CB
?5
04
N
ev
er
ita
du
pl
ic
at
a
14
.0
6
10
.9
0.
35
CB
?5
05
N
ev
er
ita
du
pl
ic
at
a
15
.5
3
12
.2
0.
9
CB
?5
06
N
ev
er
ita
du
pl
ic
at
a
13
.2
10
.7
6
0.
38
CB
?5
07
N
ev
er
ita
du
pl
ic
at
a
10
.8
6
9.
29
0.
31
CB
?5
08
N
ev
er
ita
du
pl
ic
at
a
12
.0
2
9.
53
0.
31
CB
?5
09
N
at
ic
ar
iu
s
ca
nr
en
a
12
.7
7
12
.1
5
0.
39
CB
?5
10
Eu
sp
ir
a
he
ro
s
18
.4
2
20
.7
8
0.
32
CB
?5
11
Eu
sp
ir
a
he
ro
s
14
.2
8
15
.2
2
0.
35
CB
?5
12
Eu
sp
ir
a
he
ro
s
13
.7
9
14
.0
6
0.
41
130
CB
?5
13
Eu
sp
ir
a
he
ro
s
12
.6
6
12
.8
8
0.
34
3.
29
38
46
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Lo
ca
lit
y
D
at
e?C
ol
le
ct
ed
N
ea
r?L
um
be
rt
on
,?N
C
Fo
rm
at
io
n
m
m
m
m
m
m
m
m
m
m
Specimen
Genus
Species
Length
Height
Thickness
External ?Hole?Diameter
Internal ?Hole?Diameter
Hole?Sector
Notes
RF
?1
N
at
ic
ar
iu
s
ca
nr
en
a
33
.9
6
33
.1
4
0.
7
RF
?2
N
ev
er
ita
du
pl
ic
at
a
49
.8
3
44
.3
4
1.
11
RF
?3
Eu
sp
ir
a
he
ro
s
35
.2
3
36
.0
9
0.
57
RF
?4
Eu
sp
ir
a
he
ro
s
36
.7
1
36
.1
2
0.
88
RF
?5
Eu
sp
ir
a
he
ro
s
23
.0
7
24
.0
5
0.
85
RF
?6
Eu
sp
ir
a
he
ro
s
31
.6
4
35
.0
9
0.
75
RF
?7
N
at
ic
ar
iu
s
ca
nr
en
a
28
.7
3
28
.6
9
0.
77
RF
?8
N
ev
er
ita
du
pl
ic
at
a
31
.5
8
28
.3
3
0.
62
RF
?9
N
ev
er
ita
du
pl
ic
at
a
39
.3
1
35
.1
7
0.
95
RF
?1
0
Eu
sp
ir
a
he
ro
s
32
.4
9
33
.6
3
0.
71
RF
?1
1
N
at
ic
ar
iu
s
ca
nr
en
a
25
.7
6
25
.8
4
0.
56
RF
?1
2
N
at
ic
ar
iu
s
ca
nr
en
a
18
.8
4
18
.5
5
0.
67
RF
?1
3
Eu
sp
ir
a
he
ro
s
16
.7
4
17
.5
8
0.
55
RF
?1
4
Eu
sp
ir
a
he
ro
s
33
.1
5
33
.5
2
0.
69
RF
?1
5
N
at
ic
ar
iu
s
ca
nr
en
a
29
.7
30
.6
0.
79
RF
?1
6
Eu
sp
ir
a
he
ro
s
36
.9
9
36
.7
6
0.
69
RF
?1
7
Eu
sp
ir
a
he
ro
s
40
.5
5
39
.4
6
1.
06
RF
?1
8
Eu
sp
ir
a
he
ro
s
28
.8
9
29
.6
7
0.
44
RF
?1
9
Eu
sp
ir
a
he
ro
s
24
.0
2
23
.8
6
0.
35
Ra
zi
er
?Fa
rm
?N
C
VM
N
H
D
up
lin
132
RF
?2
0
Eu
sp
ir
a
he
ro
s
22
.0
7
21
.4
0.
46
RF
?2
1
Eu
sp
ir
a
he
ro
s
41
.5
8
41
.4
2
0.
98
RF
?2
2
Eu
sp
ir
a
he
ro
s
23
.0
3
24
.4
1
0.
55
RF
?2
3
Eu
sp
ir
a
he
ro
s
25
.3
2
25
.4
7
0.
82
RF
?2
4
Eu
sp
ir
a
he
ro
s
27
.9
6
27
.4
2
0.
91
RF
?2
5
N
at
ic
ar
iu
s
ca
nr
en
a
22
.3
3
21
.7
2
0.
61
RF
?2
6
Eu
sp
ir
a
he
ro
s
25
.9
4
26
.6
6
0.
65
RF
?2
7
Eu
sp
ir
a
he
ro
s
24
.8
3
26
.1
3
0.
53
RF
?2
8
Eu
sp
ir
a
he
ro
s
29
.4
3
25
.6
0.
48
RF
?2
9
Eu
sp
ir
a
he
ro
s
23
.6
9
25
.6
5
0.
89
RF
?3
0
Eu
sp
ir
a
he
ro
s
25
.8
3
26
.9
3
0.
87
RF
?3
1
Eu
sp
ir
a
he
ro
s
24
.9
4
26
.1
7
0.
3
RF
?3
2
N
at
ic
ar
iu
s
ca
nr
en
a
23
.0
4
22
.8
8
0.
69
RF
?3
3
N
at
ic
ar
iu
s
ca
nr
en
a
31
.5
31
.8
6
0.
67
RF
?3
4
Eu
sp
ir
a
he
ro
s
24
.5
1
25
.6
1
0.
54
RF
?3
5
N
ev
er
ita
du
pl
ic
at
a
29
.1
8
25
.6
6
0.
76
RF
?3
6
N
ev
er
ita
du
pl
ic
at
a
19
.4
5
14
.5
2
0.
64
RF
?3
7
N
ev
er
ita
du
pl
ic
at
a
22
.0
7
19
.3
7
0.
46
RF
?3
8
N
ev
er
ita
du
pl
ic
at
a
50
.4
2
44
.4
1
0.
92
RF
?3
9
N
ev
er
ita
du
pl
ic
at
a
49
.5
9
42
.7
4
0.
89
RF
?4
0
N
ev
er
ita
du
pl
ic
at
a
23
.6
6
19
.5
5
0.
61
4.
09
2.
37
3
4.
09
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Lo
ca
lit
y
D
at
e?C
ol
le
ct
ed
W
es
t?o
f?G
ab
el
,?S
C
Fo
rm
at
io
n
m
m
m
m
m
m
m
m
m
m
Specimen
Genus
Species
Length
Height
Thickness
External ?Hole?Diameter
Internal ?Hole?Diameter
Hole?Sector
Notes
TB
?1
N
ev
er
ita
du
pl
ic
at
a
31
.1
2
26
.6
8
0.
35
TB
?2
Eu
sp
ir
a
he
ro
s
26
.1
6
27
.1
3
0.
45
TB
?3
Eu
sp
ir
a
he
ro
s
21
.9
8
24
.5
7
0.
46
TB
?4
Eu
sp
ir
a
he
ro
s
21
.5
7
25
.8
1
0.
62
TB
?5
Eu
sp
ir
a
he
ro
s
17
.6
1
20
.4
6
0.
38
TB
?6
Eu
sp
ir
a
he
ro
s
29
.7
1
30
.9
6
0.
98
TB
?7
Eu
sp
ir
a
he
ro
s
20
.2
5
20
.6
7
0.
48
TB
?8
Eu
sp
ir
a
he
ro
s
25
.8
3
24
.8
1
0.
62
TB
?9
Eu
sp
ir
a
he
ro
s
28
.7
1
31
.0
1
0.
69
TB
?1
0
N
at
ic
ar
iu
s
ca
nr
en
a
21
.6
9
20
.7
0.
45
TB
?1
1
Lu
na
tia
pe
rs
pe
ct
iv
a
7.
43
8.
64
0.
28
TB
?1
2
Lu
na
tia
in
te
rn
a
5.
8
6.
12
0.
28
TB
?1
3
Lu
na
tia
in
te
rn
a
9.
94
10
.6
0.
32
TB
?1
4
Eu
sp
ir
a
he
ro
s
6.
41
6.
77
0.
27
TB
?1
5
Lu
na
tia
in
te
rn
a
5.
8
5.
94
0.
21
TB
?1
6
Te
ct
on
at
ic
a
pu
si
lla
2.
98
3.
6
0.
16
TB
?1
7
Te
ct
on
at
ic
a
pu
si
lla
4.
01
4.
57
0.
23
TB
?1
8
Te
ct
on
at
ic
a
pu
si
lla
4.
16
4.
59
0.
15
TB
?1
9
Te
ct
on
at
ic
a
pu
si
lla
5.
44
6.
36
0.
21
Te
ar
co
at
?B
ra
nc
h?
SC
VM
N
H
Ra
yz
or
's
?(D
up
lin
)
134
TB
?2
0
Lu
na
tia
pe
rs
pe
ct
iv
a
8.
58
10
.4
5
0.
39
TB
?2
1
Eu
sp
ir
a
he
ro
s
6.
9
7.
34
0.
1
TB
?2
2
N
ev
er
ita
du
pl
ic
at
a
34
.1
8
31
.8
0.
5
TB
?2
3
N
ev
er
ita
du
pl
ic
at
a
21
.5
9
17
.6
2
0.
46
4.
71
2.
3
3
TB
?2
4
N
ev
er
ita
du
pl
ic
at
a
14
.8
1
10
.7
3
0.
31
TB
?2
5
N
ev
er
ita
du
pl
ic
at
a
10
.9
4
8.
9
0.
32
TB
?2
6
N
ev
er
ita
du
pl
ic
at
a
12
.8
1
9.
99
0.
19
TB
?2
7
N
ev
er
ita
du
pl
ic
at
a
8.
16
6.
58
0.
18
TB
?2
8
N
ev
er
ita
du
pl
ic
at
a
27
.9
9
24
.2
0.
65
TB
?2
9
Eu
sp
ir
a
he
ro
s
26
.3
5
29
.8
7
0.
73
TB
?3
0
N
at
ic
ar
iu
s
ca
nr
en
a
33
.7
3
33
.0
7
0.
62
TB
?3
1
N
at
ic
ar
iu
s
ca
nr
en
a
21
.5
4
20
.9
7
0.
38
3.
19
2.
03
2
TB
?3
2
N
at
ic
ar
iu
s
ca
nr
en
a
21
.4
9
21
.3
5
0.
48
TB
?3
3
Eu
sp
ir
a
he
ro
s
31
.0
5
32
.7
0.
5
TB
?3
4
Eu
sp
ir
a
he
ro
s
34
.0
7
34
.8
9
0.
87
TB
?3
5
N
ev
er
ita
du
pl
ic
at
a
29
.0
1
26
.6
4
0.
72
TB
?3
6
Eu
sp
ir
a
he
ro
s
37
.8
1
40
.1
5
0.
58
TB
?3
7
Eu
sp
ir
a
he
ro
s
35
.0
3
36
.3
0.
59
TB
?3
8
Eu
sp
ir
a
he
ro
s
28
.9
28
.0
8
1.
21
TB
?3
9
N
at
ic
ar
iu
s
ca
nr
en
a
34
.9
4
33
.3
8
0.
78
TB
?4
0
Eu
sp
ir
a
he
ro
s
24
.1
2
25
.0
7
0.
69
TB
?4
1
Eu
sp
ir
a
he
ro
s
30
.4
7
32
.1
8
0.
46
TB
?4
2
Eu
sp
ir
a
he
ro
s
22
.1
2
24
.9
3
0.
55
TB
?4
3
Eu
sp
ir
a
he
ro
s
27
.8
6
30
.0
6
0.
57
TB
?4
4
Eu
sp
ir
a
he
ro
s
27
.9
4
30
.1
5
0.
4
TB
?4
5
Eu
sp
ir
a
he
ro
s
27
.6
27
.5
2
0.
57
TB
?4
6
Eu
sp
ir
a
he
ro
s
28
.4
31
.3
5
0.
67
TB
?4
7
Eu
sp
ir
a
he
ro
s
22
.9
9
27
.1
5
0.
44
TB
?4
8
N
ev
er
ita
du
pl
ic
at
a
39
.0
6
37
.3
1
1.
4
135
TB
?4
9
N
ev
er
ita
du
pl
ic
at
a
24
.1
3
20
.7
4
0.
59
TB
?5
0
N
ev
er
ita
du
pl
ic
at
a
27
.4
4
22
.9
0.
59
TB
?5
1
N
ev
er
ita
du
pl
ic
at
a
29
.2
25
.2
5
0.
62
TB
?5
2
N
ev
er
ita
du
pl
ic
at
a
30
.2
8
25
.0
7
0.
77
TB
?5
3
N
ev
er
ita
du
pl
ic
at
a
33
.7
8
27
.5
9
0.
64
3.
95
136
Lo
ca
lit
y
D
at
e?C
ol
le
ct
ed
Si
te
?at
?R
an
da
ll?P
ar
kw
ay
,?W
ilm
in
gt
on
,?N
C
Fo
rm
at
io
n
m
m
m
m
m
m
m
m
m
m
Specimen
Genus
Species
Length
Height
Thickness
External ?Hole?Diameter
Internal ?Hole?Diameter
Hole?Sector
Notes
W
L?1
N
ev
er
ita
du
pl
ic
at
a
36
.6
1
33
.8
1
0.
92
W
L?2
N
ev
er
ita
du
pl
ic
at
a
51
.0
5
50
.5
9
0.
9
W
L?3
N
ev
er
ita
du
pl
ic
at
a
51
.6
7
45
.7
5
0.
71
W
L?4
N
ev
er
ita
du
pl
ic
at
a
39
.2
35
.9
4
0.
96
W
L?5
N
ev
er
ita
du
pl
ic
at
a
28
.6
1
25
.9
1
0.
51
W
L?6
N
ev
er
ita
du
pl
ic
at
a
21
.3
4
18
.6
3
0.
35
W
L?7
N
ev
er
ita
du
pl
ic
at
a
20
.7
5
16
.7
0.
73
W
L?8
N
ev
er
ita
du
pl
ic
at
a
24
.3
3
21
.1
0.
56
W
L?9
N
ev
er
ita
du
pl
ic
at
a
24
.9
20
.5
7
0.
6
W
L?1
0
N
ev
er
ita
du
pl
ic
at
a
39
.0
6
38
.4
2
0.
68
W
L?1
1
N
ev
er
ita
du
pl
ic
at
a
43
.4
7
41
.6
1
W
L?1
2
N
ev
er
ita
du
pl
ic
at
a
31
.5
6
28
.0
7
0.
53
W
L?1
3
N
ev
er
ita
du
pl
ic
at
a
36
.0
4
34
.9
9
0.
72
W
L?1
4
N
ev
er
ita
du
pl
ic
at
a
40
.4
5
35
.6
9
0.
61
W
L?1
5
N
ev
er
ita
du
pl
ic
at
a
17
.2
15
.0
5
0.
47
W
L?1
6
N
ev
er
ita
du
pl
ic
at
a
27
.5
24
.3
7
0.
59
W
L?1
7
N
ev
er
ita
du
pl
ic
at
a
32
.2
9
30
.5
4
0.
62
W
L?1
8
N
ev
er
ita
du
pl
ic
at
a
23
.2
16
.6
7
0.
51
W
L?1
9
N
ev
er
ita
du
pl
ic
at
a
30
.6
27
.3
1
0.
87
W
ilm
in
gt
on
VM
N
H
up
pe
r?W
ac
ca
m
aw
137
W
L?2
0
N
ev
er
ita
du
pl
ic
at
a
25
.2
2
20
.0
1
0.
34
W
L?2
1
N
ev
er
ita
du
pl
ic
at
a
19
.7
4
14
.3
7
0.
49
W
L?2
2
N
ev
er
ita
du
pl
ic
at
a
31
.6
5
25
.7
3
0.
9
W
L?2
3
N
ev
er
ita
du
pl
ic
at
a
23
.6
4
21
.4
6
0.
51
W
L?2
4
N
ev
er
ita
du
pl
ic
at
a
23
.1
6
19
.0
4
0.
41
W
L?2
5
Eu
sp
ir
a
he
ro
s
31
.1
1
33
.2
6
0.
67
5.
08
3.
31
3
W
L?2
6
Eu
sp
ir
a
he
ro
s
28
.5
30
.5
1
0.
6
3.
38
1.
78
3
W
L?2
7
Eu
sp
ir
a
he
ro
s
27
.4
8
30
.4
6
0.
45
3.
8
2.
02
2
W
L?2
8
Eu
sp
ir
a
he
ro
s
30
.9
34
.0
3
0.
49
W
L?2
9
N
ev
er
ita
du
pl
ic
at
a
35
.3
5
33
.8
4
0.
95
W
L?3
0
Si
nu
m
ch
es
ap
ea
ke
ns
is
15
.1
1
10
.6
5
0.
31
W
L?3
1
Te
ct
on
at
ic
a
pu
si
lla
4.
7
5.
25
0.
28
W
L?3
2
Te
ct
on
at
ic
a
pu
si
lla
4.
42
5.
35
0.
27
W
L?3
3
Te
ct
on
at
ic
a
pu
si
lla
4.
45
4.
86
0.
24
W
L?3
4
Te
ct
on
at
ic
a
pu
si
lla
6.
44
7.
03
0.
21
W
L?3
5
Te
ct
on
at
ic
a
pu
si
lla
4.
33
4.
41
0.
26
W
L?3
6
Te
ct
on
at
ic
a
pu
si
lla
4.
33
4.
5
0.
12
0.
88
0.
59
4
W
L?3
7
Te
ct
on
at
ic
a
pu
si
lla
3.
39
4.
47
0.
25
W
L?3
8
Te
ct
on
at
ic
a
pu
si
lla
4.
43
4.
76
0.
26
W
L?3
9
Te
ct
on
at
ic
a
pu
si
lla
3.
15
3.
26
0.
18
0.
99
0.
64
4
W
L?4
0
Eu
sp
ir
a
he
ro
s
5.
02
4.
31
0.
14
W
L?4
1
Eu
sp
ir
a
he
ro
s
3.
88
3.
49
0.
19
1.
65
1.
33
3
W
L?4
2
Te
ct
on
at
ic
a
pu
si
lla
4.
29
4.
31
0.
12
1.
11
1.
06
4
W
L?4
3
Te
ct
on
at
ic
a
pu
si
lla
3.
35
3.
47
0.
15
W
L?4
4
Te
ct
on
at
ic
a
pu
si
lla
3.
52
3.
69
0.
16
W
L?4
5
Te
ct
on
at
ic
a
pu
si
lla
3.
32
3.
66
0.
19
W
L?4
6
Te
ct
on
at
ic
a
pu
si
lla
3.
24
3.
51
0.
17
W
L?4
7
Te
ct
on
at
ic
a
pu
si
lla
3.
57
3.
66
0.
18
W
L?4
8
Eu
sp
ir
a
he
ro
s
3.
95
3.
1
0.
44
1.
55
5
O
nl
y?u
se
?fo
r?%
?C
an
ni
b a
138
W
L?4
9
Te
ct
on
at
ic
a
pu
si
lla
3.
05
3.
08
0.
16
0.
93
0.
58
3
W
L?5
0
Te
ct
on
at
ic
a
pu
si
lla
3.
04
3.
24
0.
18
W
L?5
1
Te
ct
on
at
ic
a
pu
si
lla
2.
72
2.
85
0.
19
W
L?5
2
Te
ct
on
at
ic
a
pu
si
lla
3.
23
3.
67
0.
3
W
L?5
3
Te
ct
on
at
ic
a
pu
si
lla
3.
35
3.
4
0.
16
W
L?5
4
Te
ct
on
at
ic
a
pu
si
lla
3.
78
3.
99
0.
23
W
L?5
5
Te
ct
on
at
ic
a
pu
si
lla
3.
41
3.
32
0.
33
W
L?5
6
Te
ct
on
at
ic
a
pu
si
lla
3.
37
3.
52
0.
08
W
L?5
7
Te
ct
on
at
ic
a
pu
si
lla
2.
75
2.
99
0.
25
W
L?5
8
Te
ct
on
at
ic
a
pu
si
lla
3
3.
01
0.
22
W
L?5
9
Te
ct
on
at
ic
a
pu
si
lla
2.
87
2.
67
0.
16
W
L?6
0
Te
ct
on
at
ic
a
pu
si
lla
3.
03
3.
3
0.
16
W
L?6
1
Te
ct
on
at
ic
a
pu
si
lla
2.
99
3.
14
0.
21
W
L?6
2
Te
ct
on
at
ic
a
pu
si
lla
2.
78
2.
99
0.
09
W
L?6
3
Te
ct
on
at
ic
a
pu
si
lla
2.
96
3
0.
11
W
L?6
4
Te
ct
on
at
ic
a
pu
si
lla
3
2.
88
0.
1
2.
15
22
22
139
Lo
ca
lit
y
D
at
e?C
ol
le
ct
ed
N
ea
r?3
4°
42
'N
?78
°4
4'
W
Fo
rm
at
io
n
m
m
m
m
m
m
m
m
m
m
Specimen
Genus
Species
Length
Height
Thickness
External ?Hole?Diameter
Internal ?Hole?Diameter
Hole?Sector
Notes
TH
?1
N
ev
er
ita
du
pl
ic
at
a
34
.8
9
30
.2
7
0.
57
TH
?2
N
ev
er
ita
du
pl
ic
at
a
31
.5
4
26
.3
7
0.
55
TH
?3
N
ev
er
ita
du
pl
ic
at
a
37
.1
31
.9
4
0.
69
TH
?4
N
ev
er
ita
du
pl
ic
at
a
26
.7
5
22
.1
3
0.
67
TH
?5
Eu
sp
ir
a
he
ro
s
19
.1
4
20
.9
1
0.
71
TH
?6
Eu
sp
ir
a
he
ro
s
25
.2
7
26
.1
1
0.
62
TH
?7
Eu
sp
ir
a
he
ro
s
19
.5
2
19
0.
56
TH
?8
N
at
ic
ar
iu
s
ca
nr
en
a
22
.5
22
.1
5
0.
64
TH
?9
N
ev
er
ita
du
pl
ic
at
a
23
.6
3
20
.4
5
0.
6
TH
?1
0
N
at
ic
ar
iu
s
ca
nr
en
a
20
.3
3
18
.6
1
0.
51
TH
?1
1
N
ev
er
ita
du
pl
ic
at
a
21
.5
4
18
.0
7
0.
61
TH
?1
2
N
ev
er
ita
du
pl
ic
at
a
20
.7
9
22
.8
5
0.
73
TH
?1
3
Eu
sp
ir
a
he
ro
s
27
.4
5
28
.2
3
0.
71
TH
?1
4
N
at
ic
ar
iu
s
ca
nr
en
a
23
.1
23
.5
4
0.
76
TH
?1
5
Eu
sp
ir
a
he
ro
s
27
.8
6
29
.8
6
0.
39
TH
?1
6
Eu
sp
ir
a
he
ro
s
23
.5
2
27
.5
9
0.
35
TH
?1
7
N
ev
er
ita
du
pl
ic
at
a
33
.1
29
.4
7
1.
05
TH
?1
8
N
ev
er
ita
du
pl
ic
at
a
21
.5
1
16
0.
7
TH
?1
9
Eu
sp
ir
a
he
ro
s
16
.3
1
15
.7
4
0.
68
Ta
r?H
ee
l?R
iv
er
RE
U
D
up
lin
140
TH
?2
0
N
ev
er
ita
du
pl
ic
at
a
15
.9
8
15
.3
9
0.
55
TH
?2
1
N
ev
er
ita
du
pl
ic
at
a
16
.2
6
11
.4
6
0.
82
TH
?2
2
N
ev
er
ita
du
pl
ic
at
a
14
.9
1
11
.1
2
0.
68
TH
?2
3
N
ev
er
ita
du
pl
ic
at
a
13
.9
9
13
.2
6
0.
63
TH
?2
4
Eu
sp
ir
a
he
ro
s
12
.6
12
.1
6
0.
72
TH
?2
5
Eu
sp
ir
a
he
ro
s
19
.8
8
19
.3
5
0.
42
TH
?2
6
Eu
sp
ir
a
he
ro
s
24
.8
8
24
.8
9
0.
61
TH
?2
7
Eu
sp
ir
a
he
ro
s
21
.6
5
23
.2
0.
61
TH
?2
8
Eu
sp
ir
a
he
ro
s
20
.5
9
20
.9
9
0.
33
TH
?2
9
Eu
sp
ir
a
he
ro
s
17
.2
2
17
.3
9
0.
82
141
Lo
ca
lit
y
D
at
e?C
ol
le
ct
ed
N
ea
r?3
4°
42
'N
?78
°2
9'
W
Fo
rm
at
io
n
m
m
m
m
m
m
m
m
m
m
Specimen
Genus
Species
Length
Height
Thickness
External ?Hole?Diameter
Internal ?Hole?Diameter
Hole?Sector
Notes
W
B?
1
N
ev
er
ita
du
pl
ic
at
a
28
.2
9
22
.7
7
0.
49
4.
76
2.
74
3
W
B?
2
N
ev
er
ita
du
pl
ic
at
a
31
.3
4
29
.1
9
0.
73
W
B?
3
N
ev
er
ita
du
pl
ic
at
a
32
.1
6
31
.4
4
1.
03
W
B?
4
N
ev
er
ita
du
pl
ic
at
a
43
.6
7
47
.1
7
1.
24
W
B?
5
N
ev
er
ita
du
pl
ic
at
a
27
.0
4
21
.9
9
0.
67
W
B?
6
N
ev
er
ita
du
pl
ic
at
a
25
.8
8
23
.6
5
1.
05
4.
49
2.
66
2
W
B?
7
N
ev
er
ita
du
pl
ic
at
a
30
.1
5
26
.8
2
0.
74
W
B?
8
N
ev
er
ita
du
pl
ic
at
a
15
.9
12
.8
5
0.
49
W
B?
9
N
ev
er
ita
du
pl
ic
at
a
15
.5
12
.4
4
0.
51
W
B?
10
N
ev
er
ita
du
pl
ic
at
a
23
.9
6
20
.6
9
0.
78
W
B?
11
N
ev
er
ita
du
pl
ic
at
a
49
.9
46
.0
6
1.
05
W
B?
12
N
ev
er
ita
du
pl
ic
at
a
56
.4
1
52
.3
8
1.
15
W
B?
13
N
ev
er
ita
du
pl
ic
at
a
64
.3
9
52
.7
1
0.
73
W
B?
14
N
ev
er
ita
du
pl
ic
at
a
25
.3
5
20
.7
7
0.
82
W
B?
15
N
ev
er
ita
du
pl
ic
at
a
57
.2
2
54
.0
6
1.
25
W
B?
16
N
ev
er
ita
du
pl
ic
at
a
32
.2
4
26
.0
3
0.
63
W
B?
17
N
ev
er
ita
du
pl
ic
at
a
22
.1
8
18
.4
6
0.
62
W
B?
18
N
ev
er
ita
du
pl
ic
at
a
32
.1
8
27
.2
4
0.
94
W
B?
19
N
ev
er
ita
du
pl
ic
at
a
54
.2
3
46
.5
6
0.
74
W
al
ke
r's
?B
lu
ff
RE
U
up
pe
r?W
ac
ca
m
aw
142
W
B?
20
N
ev
er
ita
du
pl
ic
at
a
21
.2
4
18
.2
3
0.
94
W
B?
21
N
ev
er
ita
du
pl
ic
at
a
55
.1
2
56
.5
1
1.
75
W
B?
22
N
ev
er
ita
du
pl
ic
at
a
39
.8
4
37
.5
3
1.
42
W
B?
23
N
ev
er
ita
du
pl
ic
at
a
47
.2
3
38
.8
9
1.
04
W
B?
24
N
ev
er
ita
du
pl
ic
at
a
28
.7
2
23
.9
8
0.
52
W
B?
25
N
ev
er
ita
du
pl
ic
at
a
60
.7
7
56
.2
9
0.
96
W
B?
26
N
ev
er
ita
du
pl
ic
at
a
25
.0
2
20
.1
6
0.
81
W
B?
27
N
ev
er
ita
du
pl
ic
at
a
34
.0
2
32
.0
4
0.
53
6.
32
3.
49
1
W
B?
28
N
ev
er
ita
du
pl
ic
at
a
63
.9
2
62
.1
3
1.
58
W
B?
29
N
ev
er
ita
du
pl
ic
at
a
32
.0
8
30
.0
8
1.
09
W
B?
30
N
ev
er
ita
du
pl
ic
at
a
35
.8
6
33
.4
7
1.
23
5.
19
143
Lo
ca
lit
y
D
at
e?C
ol
le
ct
ed
N
ea
r?S
na
ke
?Is
la
nd
,?N
C
Fo
rm
at
io
n
m
m
m
m
m
m
m
m
m
m
Specimen
Genus
Species
Length
Height
Thickness
External ?Hole?Diameter
Internal ?Hole?Diameter
Hole?Sector
Notes
SI
?1
Eu
sp
ir
a
he
ro
s
61
.9
1
64
.5
9
1.
02
SI
?2
Eu
sp
ir
a
he
ro
s
47
.6
46
.1
3
0.
45
4.
54
2.
48
5
SI
?3
Eu
sp
ir
a
he
ro
s
25
.3
6
26
.4
9
0.
94
SI
?4
Eu
sp
ir
a
he
ro
s
32
.4
3
33
.3
8
0.
8
SI
?5
Eu
sp
ir
a
he
ro
s
42
.7
4
44
.3
9
0.
42
SI
?6
Eu
sp
ir
a
he
ro
s
27
.1
3
27
.4
9
0.
53
SI
?7
Eu
sp
ir
a
he
ro
s
24
.0
3
24
.5
5
0.
77
SI
?8
Eu
sp
ir
a
he
ro
s
62
.0
9
62
.5
8
1.
27
SI
?9
Eu
sp
ir
a
he
ro
s
39
.5
6
40
.6
3
0.
69
5.
1
3.
35
1
SI
?1
0
Eu
sp
ir
a
he
ro
s
17
.5
1
16
.9
1
0.
49
SI
?1
1
N
at
ic
ar
iu
s
ca
nr
en
a
25
.5
8
25
.2
9
0.
52
4.
14
2.
15
1
SI
?1
2
Eu
sp
ir
a
he
ro
s
41
.7
5
42
.8
3
0.
8
5.
23
2.
4
3
SI
?1
3
N
ev
er
ita
du
pl
ic
at
a
66
.3
3
52
.8
2
0.
76
SI
?1
4
N
ev
er
ita
du
pl
ic
at
a
65
.5
50
.5
8
0.
76
SI
?1
5
N
ev
er
ita
du
pl
ic
at
a
56
.3
9
44
.8
7
0.
94
SI
?1
6
N
ev
er
ita
du
pl
ic
at
a
45
.0
4
44
.0
5
0.
99
SI
?1
7
N
ev
er
ita
du
pl
ic
at
a
64
.9
4
54
.4
1
0.
92
SI
?1
8
N
ev
er
ita
du
pl
ic
at
a
41
.4
4
36
.6
7
0.
81
SI
?1
9
N
ev
er
ita
du
pl
ic
at
a
25
.6
7
23
.5
4
0.
91
Sn
ak
e?I
sl
an
d
RE
U
lo
w
er
?W
ac
ca
m
aw
144
SI
?2
0
N
ev
er
ita
du
pl
ic
at
a
30
.8
1
25
.9
1
0.
61
SI
?2
1
N
ev
er
ita
du
pl
ic
at
a
57
.7
7
52
.8
7
0.
94
SI
?2
2
N
ev
er
ita
du
pl
ic
at
a
56
.3
1
48
.6
2
1.
12
SI
?2
3
N
ev
er
ita
du
pl
ic
at
a
55
.9
7
47
.2
6
1.
96
SI
?2
4
N
ev
er
ita
du
pl
ic
at
a
57
.2
5
48
.0
2
0.
97
SI
?2
5
N
ev
er
ita
du
pl
ic
at
a
56
.8
1
48
.6
4
1.
82
SI
?2
6
N
ev
er
ita
du
pl
ic
at
a
66
.4
9
62
.7
7
1.
35
SI
?2
7
N
ev
er
ita
du
pl
ic
at
a
30
.9
2
29
.9
6
0.
66
SI
?2
8
N
ev
er
ita
du
pl
ic
at
a
86
.6
8
64
.7
1.
54
SI
?2
9
N
ev
er
ita
du
pl
ic
at
a
57
.5
5
48
.9
1
0.
7
SI
?3
0
N
ev
er
ita
du
pl
ic
at
a
27
.0
6
20
.4
6
1
SI
?3
1
N
ev
er
ita
du
pl
ic
at
a
23
.0
3
17
.6
8
0.
75
SI
?3
2
N
ev
er
ita
du
pl
ic
at
a
24
.4
5
18
.9
0.
48
SI
?3
3
N
ev
er
ita
du
pl
ic
at
a
32
.9
1
23
.8
8
0.
98
SI
?3
4
N
ev
er
ita
du
pl
ic
at
a
22
.2
9
19
.0
1
0.
65
SI
?3
5
N
ev
er
ita
du
pl
ic
at
a
14
.2
8
11
.7
8
0.
8
SI
?3
6
N
ev
er
ita
du
pl
ic
at
a
23
.5
2
18
.3
8
0.
71
5.
61
3.
05
2
SI
?3
7
N
ev
er
ita
du
pl
ic
at
a
20
.0
4
16
.3
9
0.
91
SI
?3
8
Eu
sp
ir
a
he
ro
s
37
.9
1
40
.2
2
0.
62
5.
8
3.
26
5
SI
?3
9
Eu
sp
ir
a
he
ro
s
46
.2
3
47
.1
5
0.
54
4.
36
2.
75
2
SI
?4
0
Eu
sp
ir
a
he
ro
s
17
.2
4
17
.7
6
0.
51
SI
?4
1
N
at
ic
ar
iu
s
ca
nr
en
a
41
.3
43
.0
9
0.
76
SI
?4
2
Si
nu
m
pe
rs
pe
ct
iv
um
31
.6
8
17
.7
6
0.
71
SI
?4
3
Eu
sp
ir
a
he
ro
s
46
.5
3
47
.4
9
1.
03
SI
?4
4
Eu
sp
ir
a
he
ro
s
14
.9
7
16
.0
5
0.
26
SI
?4
5
Eu
sp
ir
a
he
ro
s
18
.4
7
17
.8
8
0.
27
SI
?4
6
N
ev
er
ita
du
pl
ic
at
a
55
.7
2
49
.3
8
1.
76
SI
?4
7
N
ev
er
ita
du
pl
ic
at
a
42
.5
7
42
.9
5
1.
3
SI
?4
8
N
ev
er
ita
du
pl
ic
at
a
46
.0
1
35
.4
9
1.
29
145
SI
?4
9
N
ev
er
ita
du
pl
ic
at
a
30
.2
8
25
.5
8
1.
08
SI
?5
0
N
ev
er
ita
du
pl
ic
at
a
19
.5
3
14
.8
9
0.
9
SI
?5
1
N
ev
er
ita
du
pl
ic
at
a
43
.1
7
38
.4
1
0.
53
SI
?5
2
N
ev
er
ita
du
pl
ic
at
a
31
.3
7
25
.3
3
1.
01
SI
?5
3
N
ev
er
ita
du
pl
ic
at
a
29
.8
2
23
.3
2
0.
75
SI
?5
4
N
ev
er
ita
du
pl
ic
at
a
23
.6
2
19
.2
7
0.
91
SI
?5
5
N
ev
er
ita
du
pl
ic
at
a
20
.6
3
15
.8
8
0.
97
SI
?5
6
N
ev
er
ita
du
pl
ic
at
a
15
.4
11
.7
3
0.
46
SI
?5
7
N
ev
er
ita
du
pl
ic
at
a
18
.8
2
15
.9
6
0.
42
SI
?5
8
N
ev
er
ita
du
pl
ic
at
a
31
.0
3
25
.4
1
0.
87
SI
?5
9
N
ev
er
ita
du
pl
ic
at
a
22
.7
17
.8
5
0.
73
SI
?6
0
N
ev
er
ita
du
pl
ic
at
a
32
.1
6
24
.0
3
0.
92
SI
?6
1
N
ev
er
ita
du
pl
ic
at
a
29
.0
2
24
.6
5
0.
81
SI
?6
2
N
ev
er
ita
du
pl
ic
at
a
18
.1
1
13
.7
9
0.
9
SI
?6
3
N
ev
er
ita
du
pl
ic
at
a
24
.9
1
18
.7
8
0.
55
SI
?6
4
N
ev
er
ita
du
pl
ic
at
a
58
.1
51
.8
4
1.
33
SI
?6
5
Eu
sp
ir
a
he
ro
s
30
.4
5
31
.7
0.
62
3.
8
2.
19
2
SI
?6
6
Eu
sp
ir
a
he
ro
s
18
.0
8
17
.9
5
0.
47
SI
?6
7
Eu
sp
ir
a
he
ro
s
17
.2
3
16
.6
9
0.
79
SI
?6
8
Eu
sp
ir
a
he
ro
s
16
.2
8
16
.1
7
0.
55
SI
?6
9
N
at
ic
ar
iu
s
ca
nr
en
a
38
.8
8
37
.1
3
0.
83
SI
?7
0
N
at
ic
ar
iu
s
ca
nr
en
a
17
.4
9
16
.7
8
0.
59
SI
?7
1
N
at
ic
ar
iu
s
ca
nr
en
a
20
.1
7
19
.3
9
0.
58
4.
18
2.
24
2
SI
?7
2
Eu
sp
ir
a
he
ro
s
39
.2
3
39
.3
5
0.
87
SI
?7
3
Eu
sp
ir
a
he
ro
s
33
.4
5
33
.5
6
0.
69
SI
?7
4
Eu
sp
ir
a
he
ro
s
24
.7
3
24
.4
0.
76
4.
25
2.
26
2
SI
?7
5
N
ev
er
ita
du
pl
ic
at
a
36
.1
4
31
.5
2
0.
6
SI
?7
6
N
ev
er
ita
du
pl
ic
at
a
52
.0
8
41
.2
5
0.
61
SI
?7
7
N
ev
er
ita
du
pl
ic
at
a
48
.5
41
.6
5
0.
92
146
SI
?7
8
N
ev
er
ita
du
pl
ic
at
a
21
.3
9
18
.2
5
0.
52
SI
?7
9
N
ev
er
ita
du
pl
ic
at
a
27
.5
8
23
.0
1
0.
55
SI
?8
0
N
ev
er
ita
du
pl
ic
at
a
50
.9
2
45
.9
7
1.
06
SI
?8
1
N
ev
er
ita
du
pl
ic
at
a
25
.3
6
20
.0
2
0.
93
SI
?8
2
N
ev
er
ita
du
pl
ic
at
a
29
.7
1
21
.3
0.
52
SI
?8
3
N
ev
er
ita
du
pl
ic
at
a
23
.8
3
17
.8
5
0.
7
SI
?8
4
N
ev
er
ita
du
pl
ic
at
a
52
.1
9
47
.7
1.
11
SI
?8
5
N
ev
er
ita
du
pl
ic
at
a
69
.9
4
60
.4
8
1.
24
SI
?8
6
N
ev
er
ita
du
pl
ic
at
a
54
.1
1
46
.5
0.
7
SI
?8
7
N
ev
er
ita
du
pl
ic
at
a
56
.5
8
53
.4
4
1.
19
SI
?8
8
N
ev
er
ita
du
pl
ic
at
a
63
.2
4
50
.9
8
0.
94
SI
?8
9
N
ev
er
ita
du
pl
ic
at
a
33
.4
8
25
.1
9
1.
11
SI
?9
0
N
ev
er
ita
du
pl
ic
at
a
36
.4
4
29
.8
7
0.
86
SI
?9
1
N
ev
er
ita
du
pl
ic
at
a
23
.6
9
18
.3
9
0.
6
SI
?9
2
N
ev
er
ita
du
pl
ic
at
a
26
.6
7
21
.9
6
0.
31
4.
76
3.
37
2
SI
?9
3
N
ev
er
ita
du
pl
ic
at
a
22
.9
2
16
.3
2
0.
71
SI
?9
4
N
at
ic
ar
iu
s
ca
nr
en
a
26
.1
9
23
.5
6
1.
1
SI
?9
5
N
at
ic
ar
iu
s
ca
nr
en
a
36
.4
2
30
.6
9
0.
95
2.
9
1.
76
1
dr
ill
ed
?tw
ic
e?(
3.
26
/1
.6
4
SI
?9
6
N
at
ic
ar
iu
s
ca
nr
en
a
30
.5
33
.7
5
1.
18
SI
?9
7
N
at
ic
ar
iu
s
ca
nr
en
a
43
.6
8
43
.1
2
0.
88
SI
?9
8
Eu
sp
ir
a
he
ro
s
17
.6
2
17
.2
4
0.
53
SI
?9
9
Eu
sp
ir
a
he
ro
s
22
.3
5
21
.9
1
0.
69
SI
?1
00
Eu
sp
ir
a
he
ro
s
26
.1
1
25
.6
1
0.
43
3.
09
1.
55
3
4.
44
30
77
147
Lo
ca
lit
y
D
at
e?C
ol
le
ct
ed
Ex
ac
t?l
oc
at
io
n?
un
kn
ow
n,
?SC
Fo
rm
at
io
n
m
m
m
m
m
m
m
m
m
m
Specimen
Genus
Species
Length
Height
Thickness
External ?Hole?Diameter
Internal ?Hole?Diameter
Hole?Sector
Notes
KP
?1
N
ev
er
ita
du
pl
ic
at
a
57
.8
4
51
.2
9
1.
07
KP
?2
N
ev
er
ita
du
pl
ic
at
a
33
.0
2
28
0.
74
KP
?3
N
ev
er
ita
du
pl
ic
at
a
37
.5
9
31
.0
3
1.
43
KP
?4
N
ev
er
ita
du
pl
ic
at
a
36
.8
33
.2
7
1.
44
KP
?5
N
ev
er
ita
du
pl
ic
at
a
32
.4
4
28
.4
2
0.
93
KP
?6
N
ev
er
ita
du
pl
ic
at
a
37
.9
6
31
.0
7
1.
42
KP
?7
N
ev
er
ita
du
pl
ic
at
a
42
.7
3
35
.2
1
1.
44
KP
?8
N
ev
er
ita
du
pl
ic
at
a
35
.0
1
32
.6
3
0.
77
KP
?9
N
ev
er
ita
du
pl
ic
at
a
35
.7
4
29
.3
2
1.
19
KP
?1
0
N
ev
er
ita
du
pl
ic
at
a
31
.2
28
.5
9
1.
21
KP
?1
1
N
ev
er
ita
du
pl
ic
at
a
34
.9
9
28
.8
5
0.
81
KP
?1
2
N
ev
er
ita
du
pl
ic
at
a
36
.1
7
28
.3
4
1.
13
KP
?1
3
N
ev
er
ita
du
pl
ic
at
a
32
.4
7
28
.2
8
0.
97
KP
?1
4
N
ev
er
ita
du
pl
ic
at
a
33
.3
9
27
.1
4
0.
79
KP
?1
5
N
at
ic
ar
iu
s
ca
nr
en
a
31
.9
30
.0
9
0.
86
KP
?1
6
N
ev
er
ita
du
pl
ic
at
a
33
.8
4
27
.6
5
0.
79
KP
?1
7
N
ev
er
ita
du
pl
ic
at
a
30
.5
9
24
.1
8
0.
96
KP
?1
8
N
ev
er
ita
du
pl
ic
at
a
34
.7
7
32
.1
5
1.
29
KP
?1
9
N
ev
er
ita
du
pl
ic
at
a
32
.4
1
25
.4
9
1.
23
Ki
rb
y?P
on
d
PR
I
D
up
lin
148
KP
?2
0
N
ev
er
ita
du
pl
ic
at
a
29
.7
7
23
.8
4
1.
08
KP
?2
1
N
ev
er
ita
du
pl
ic
at
a
28
.2
5
23
.6
8
0.
9
KP
?2
2
N
ev
er
ita
du
pl
ic
at
a
25
.1
1
20
.2
1
0.
83
KP
?2
3
N
ev
er
ita
du
pl
ic
at
a
22
.1
6
17
.7
2
0.
75
KP
?2
4
N
ev
er
ita
du
pl
ic
at
a
29
.0
2
26
.4
1
1.
08
KP
?2
5
N
ev
er
ita
du
pl
ic
at
a
18
.2
13
.4
9
0.
74
KP
?2
6
N
ev
er
ita
du
pl
ic
at
a
23
.2
4
18
.9
9
0.
67
KP
?2
7
N
ev
er
ita
du
pl
ic
at
a
26
.9
5
22
.5
7
0.
81
KP
?2
8
N
ev
er
ita
du
pl
ic
at
a
17
.5
6
13
.8
7
0.
91
KP
?2
9
N
ev
er
ita
du
pl
ic
at
a
31
.7
7
25
.3
6
1.
06
KP
?3
0
N
ev
er
ita
du
pl
ic
at
a
31
.7
26
.8
0.
86
KP
?3
1
N
ev
er
ita
du
pl
ic
at
a
26
.4
5
22
.5
1
1.
02
KP
?3
2
N
ev
er
ita
du
pl
ic
at
a
18
.7
8
15
.1
3
0.
58
KP
?3
3
N
ev
er
ita
du
pl
ic
at
a
15
.8
1
11
.9
6
0.
73
KP
?3
4
N
ev
er
ita
du
pl
ic
at
a
5.
33
4.
05
0.
21
KP
?3
5
Te
ct
on
at
ic
a
pu
si
lla
3.
79
3.
84
0.
13
KP
?3
6
Te
ct
on
at
ic
a
pu
si
lla
2.
95
3.
14
0.
21
KP
?3
7
Te
ct
on
at
ic
a
pu
si
lla
3.
8
3.
3
0.
17
KP
?3
8
Te
ct
on
at
ic
a
pu
si
lla
2.
84
3.
2
0.
23
KP
?3
9
Te
ct
on
at
ic
a
pu
si
lla
3.
4
3.
86
0.
22
KP
?4
0
Te
ct
on
at
ic
a
pu
si
lla
3.
35
3.
47
0.
23
KP
?4
1
Te
ct
on
at
ic
a
pu
si
lla
3
3.
22
0.
25
KP
?4
2
Te
ct
on
at
ic
a
pu
si
lla
2.
28
2.
58
0.
17
KP
?4
3
Te
ct
on
at
ic
a
pu
si
lla
2.
2
2.
6
0.
15
KP
?4
4
Te
ct
on
at
ic
a
pu
si
lla
3.
05
3.
11
0.
23
KP
?4
5
Te
ct
on
at
ic
a
pu
si
lla
2.
23
2.
31
0.
28
KP
?4
6
N
at
ic
ar
iu
s
ca
nr
en
a
28
.5
6
29
.1
8
0.
71
KP
?4
7
N
at
ic
ar
iu
s
ca
nr
en
a
31
.6
3
31
.8
3
1.
02
KP
?4
8
N
at
ic
ar
iu
s
ca
nr
en
a
27
.1
7
25
.1
7
1.
15
149
KP
?4
9
N
at
ic
ar
iu
s
ca
nr
en
a
29
.8
4
29
.2
9
0.
64
KP
?5
0
N
at
ic
ar
iu
s
ca
nr
en
a
19
.3
7
17
.4
3
0.
52
KP
?5
1
N
at
ic
ar
iu
s
ca
nr
en
a
29
.7
9
29
.3
8
0.
61
KP
?5
2
N
at
ic
ar
iu
s
ca
nr
en
a
21
.0
9
20
.3
8
0.
53
KP
?5
3
N
at
ic
ar
iu
s
ca
nr
en
a
19
.0
7
19
.3
6
0.
89
KP
?5
4
N
at
ic
ar
iu
s
ca
nr
en
a
29
.5
4
27
.5
6
0.
7
3.
19
1.
98
1
KP
?5
5
N
at
ic
ar
iu
s
ca
nr
en
a
15
.7
9
15
.0
7
0.
47
KP
?5
6
N
at
ic
ar
iu
s
ca
nr
en
a
30
.0
9
30
.1
1
0.
97
KP
?5
7
N
at
ic
ar
iu
s
ca
nr
en
a
17
.4
3
17
.5
0.
69
KP
?5
8
Eu
sp
ir
a
he
ro
s
26
.6
2
26
.9
2
0.
49
KP
?5
9
Eu
sp
ir
a
he
ro
s
27
.3
4
26
.8
1
0.
67
KP
?6
0
Eu
sp
ir
a
he
ro
s
21
.3
1
21
.3
7
0.
93
KP
?6
1
Eu
sp
ir
a
he
ro
s
24
.7
8
22
.4
0.
58
KP
?6
2
Eu
sp
ir
a
he
ro
s
32
.3
6
32
.9
2
0.
63
KP
?6
3
Eu
sp
ir
a
he
ro
s
32
.1
2
30
.5
4
0.
8
KP
?6
4
Eu
sp
ir
a
he
ro
s
18
.1
5
19
.7
5
0.
53
KP
?6
5
Eu
sp
ir
a
he
ro
s
11
.4
4
13
.5
8
0.
54
KP
?6
6
N
ev
er
ita
du
pl
ic
at
a
32
.9
9
28
1.
4
KP
?6
7
N
ev
er
ita
du
pl
ic
at
a
14
.4
12
.0
2
0.
79
KP
?6
8
N
ev
er
ita
du
pl
ic
at
a
38
.8
2
29
.8
1.
21
KP
?6
9
N
ev
er
ita
du
pl
ic
at
a
22
.8
3
17
.5
1
0.
62
KP
?7
0
N
ev
er
ita
du
pl
ic
at
a
22
.3
9
16
.4
1
0.
6
KP
?7
1
N
ev
er
ita
du
pl
ic
at
a
21
.4
4
16
.4
6
1
KP
?7
2
N
ev
er
ita
du
pl
ic
at
a
33
.3
5
26
.8
2
0.
98
KP
?7
3
N
ev
er
ita
du
pl
ic
at
a
30
.4
8
22
.9
9
0.
79
KP
?7
4
N
at
ic
ar
iu
s
ca
nr
en
a
17
.6
3
16
.0
2
1.
08
KP
?7
5
N
at
ic
ar
iu
s
ca
nr
en
a
24
.4
1
25
.1
0.
74
KP
?7
6
N
ev
er
ita
du
pl
ic
at
a
29
.9
1
26
.9
4
0.
78
KP
?7
7
N
ev
er
ita
du
pl
ic
at
a
40
.4
1
37
.1
3
1.
13
150
KP
?7
8
N
ev
er
ita
du
pl
ic
at
a
33
.7
27
.8
7
0.
67
KP
?7
9
N
ev
er
ita
du
pl
ic
at
a
33
.2
6
26
.5
3
0.
91
KP
?8
0
N
ev
er
ita
du
pl
ic
at
a
39
.3
7
35
.7
8
1.
19
KP
?8
1
N
ev
er
ita
du
pl
ic
at
a
23
.1
18
.2
1
0.
59
KP
?8
2
N
ev
er
ita
du
pl
ic
at
a
19
.0
2
14
.7
9
1
KP
?8
3
N
ev
er
ita
du
pl
ic
at
a
29
.0
6
23
.2
0.
64
KP
?8
4
N
ev
er
ita
du
pl
ic
at
a
35
.3
1
26
.4
4
0.
98
KP
?8
5
N
ev
er
ita
du
pl
ic
at
a
25
.7
6
21
.0
9
1.
25
KP
?8
6
Eu
sp
ir
a
he
ro
s
22
.8
23
.0
8
0.
64
KP
?8
7
Lu
na
tia
pe
rs
pe
ct
iv
a
23
.5
7
26
.2
0.
65
2.
88
1.
54
2
KP
?8
8
N
at
ic
ar
iu
s
ca
nr
en
a
19
.2
7
21
.3
1
1.
11
KP
?8
9
N
at
ic
ar
iu
s
ca
nr
en
a
28
.8
2
27
.7
5
1.
2
KP
?9
0
N
ev
er
ita
du
pl
ic
at
a
33
.9
3
35
.6
1.
47
KP
?9
1
N
ev
er
ita
du
pl
ic
at
a
31
.3
4
26
.8
6
0.
79
KP
?9
2
N
ev
er
ita
du
pl
ic
at
a
24
.3
3
17
.0
9
1.
29
KP
?9
3
N
ev
er
ita
du
pl
ic
at
a
39
.4
3
34
.5
1.
26
KP
?9
4
N
ev
er
ita
du
pl
ic
at
a
26
.1
9
21
.5
5
1.
18
KP
?9
5
Eu
sp
ir
a
he
ro
s
39
.1
5
39
.1
1
0.
57
KP
?9
6
N
ev
er
ita
du
pl
ic
at
a
40
.8
1
34
.3
1.
01
KP
?9
7
N
ev
er
ita
du
pl
ic
at
a
19
.0
7
14
.2
6
0.
68
KP
?9
8
N
ev
er
ita
du
pl
ic
at
a
29
.4
9
24
.1
8
0.
99
KP
?9
9
N
ev
er
ita
du
pl
ic
at
a
24
.3
8
19
.6
5
0.
86
KP
?1
00
N
at
ic
ar
iu
s
ca
nr
en
a
32
.2
9
30
.0
8
1.
4
KP
?1
01
Eu
sp
ir
a
he
ro
s
23
.3
3
25
.2
6
0.
62
KP
?1
02
Eu
sp
ir
a
he
ro
s
22
.2
4
23
.2
9
0.
37
KP
?1
03
Eu
sp
ir
a
he
ro
s
27
.9
2
30
.1
8
0.
71
3.
03
5
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Lo
ca
lit
y
D
at
e?C
ol
le
ct
ed
N
eu
se
?R
iv
er
,?N
C
Fo
rm
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io
n
m
m
m
m
m
m
m
m
m
m
Specimen
Genus
Species
Length
Height
Thickness
External ?Hole?Diameter
Internal ?Hole?Diameter
Hole?Sector
Notes
BH
?1
N
ev
er
ita
du
pl
ic
at
a
48
.2
4
41
.7
8
0.
89
BH
?2
N
ev
er
ita
du
pl
ic
at
a
41
.2
9
35
.2
5
0.
74
BH
?3
N
ev
er
ita
du
pl
ic
at
a
24
.9
5
21
.9
9
0.
46
BH
?4
N
ev
er
ita
du
pl
ic
at
a
24
.4
9
20
.8
5
0.
28
5.
28
3.
07
3
BH
?5
N
ev
er
ita
du
pl
ic
at
a
23
.3
8
19
.1
1
0.
38
5.
12
3.
52
1
BH
?6
N
ev
er
ita
du
pl
ic
at
a
17
.4
6
15
.5
5
0.
36
4.
89
2.
65
3
BH
?7
N
ev
er
ita
du
pl
ic
at
a
18
.5
14
.5
8
0.
26
4.
7
2.
93
2
BH
?8
N
ev
er
ita
du
pl
ic
at
a
12
.6
2
9.
43
0.
26
3.
29
1.
69
4
BH
?9
N
ev
er
ita
du
pl
ic
at
a
15
.0
6
12
.9
2
0.
17
3.
22
1.
16
2
BH
?1
0
N
ev
er
ita
du
pl
ic
at
a
16
.3
9
13
.9
4
0.
2
4.
57
2.
33
2
BH
?1
1
N
ev
er
ita
du
pl
ic
at
a
10
.9
7
9.
31
0.
15
3.
52
2.
11
3
BH
?1
2
N
ev
er
ita
du
pl
ic
at
a
13
.1
7
10
.8
7
0.
32
3.
55
1.
77
3
BH
?1
3
N
ev
er
ita
du
pl
ic
at
a
16
.1
6
13
.7
5
0.
35
BH
?1
4
N
ev
er
ita
du
pl
ic
at
a
25
.2
5
19
.5
8
0.
65
BH
?1
5
N
ev
er
ita
du
pl
ic
at
a
15
.3
5
12
.0
3
0.
34
2.
63
1.
17
2
BH
?1
6
N
ev
er
ita
du
pl
ic
at
a
9.
64
8.
01
0.
17
BH
?1
7
N
ev
er
ita
du
pl
ic
at
a
10
.4
4
8.
35
0.
15
3.
5
1.
68
3
BH
?1
8
N
ev
er
ita
du
pl
ic
at
a
12
.0
3
9.
79
0.
22
3.
4
1.
72
2
BH
?1
9
N
ev
er
ita
du
pl
ic
at
a
13
.9
4
11
.3
6
0.
25
Ba
ve
n?
H
ill
PR
I
Ja
m
es
?C
ity
152
BH
?2
0
N
ev
er
ita
du
pl
ic
at
a
14
.1
7
12
.3
9
0.
31
4.
11
2.
29
2
BH
?2
1
N
ev
er
ita
du
pl
ic
at
a
10
.2
2
8.
75
0.
24
2.
46
1.
08
2
BH
?2
2
N
ev
er
ita
du
pl
ic
at
a
12
.2
2
9.
75
0.
34
3.
87
42
86
153
Lo
ca
lit
y
D
at
e?C
ol
le
ct
ed
N
eu
se
?R
iv
er
,?N
C
Fo
rm
at
io
n
m
m
m
m
m
m
m
m
m
m
Specimen
Genus
Species
Length
Height
Thickness
External ?Hole?Diameter
Internal ?Hole?Diameter
Hole?Sector
Notes
N
R?
1
N
ev
er
ita
du
pl
ic
at
a
30
.3
6
25
.8
7
0.
51
N
R?
2
N
ev
er
ita
du
pl
ic
at
a
25
.6
5
21
.8
0.
41
5.
65
3.
46
2
N
R?
3
N
ev
er
ita
du
pl
ic
at
a
25
.2
8
21
.5
7
0.
44
N
R?
4
N
ev
er
ita
du
pl
ic
at
a
22
.4
3
18
.0
2
0.
43
4.
42
2.
69
2
N
R?
5
N
ev
er
ita
du
pl
ic
at
a
22
.9
8
18
.3
6
0.
6
N
R?
6
N
ev
er
ita
du
pl
ic
at
a
15
.2
2
13
.1
5
0.
4
4.
91
3.
05
4
N
R?
7
N
ev
er
ita
du
pl
ic
at
a
28
.3
6
22
.6
1
0.
44
4.
16
2.
44
2
N
R?
8
N
ev
er
ita
du
pl
ic
at
a
25
.1
9
20
.5
3
0.
35
5.
28
2.
58
3
N
R?
9
N
ev
er
ita
du
pl
ic
at
a
17
.8
13
.8
2
0.
43
4.
48
2.
68
3
N
R?
10
N
ev
er
ita
du
pl
ic
at
a
20
.3
2
17
.5
8
0.
56
N
R?
11
N
ev
er
ita
du
pl
ic
at
a
4.
35
3.
81
0.
13
N
R?
12
N
ev
er
ita
du
pl
ic
at
a
16
.6
4
13
.5
0.
37
4.
44
2.
27
3
N
R?
13
N
ev
er
ita
du
pl
ic
at
a
21
.6
3
18
.0
2
0.
4
N
R?
14
N
ev
er
ita
du
pl
ic
at
a
17
.7
3
15
.9
3
0.
26
N
R?
15
N
ev
er
ita
du
pl
ic
at
a
18
.7
9
15
.2
7
0.
35
4.
33
2.
44
2
N
R?
16
N
ev
er
ita
du
pl
ic
at
a
19
.2
1
15
.7
1
0.
7
N
R?
17
N
ev
er
ita
du
pl
ic
at
a
14
.8
3
12
.3
8
0.
22
N
R?
18
N
ev
er
ita
du
pl
ic
at
a
10
.4
7.
94
0.
2
2.
3
1.
56
3
N
R?
19
N
ev
er
ita
du
pl
ic
at
a
12
.5
10
.4
7
0.
29
3.
52
1.
78
3
PR
I?1
43
2?N
eu
se
?R
iv
er
PR
I
Ja
m
es
?C
ity
154
N
R?
20
N
ev
er
ita
du
pl
ic
at
a
14
.7
8
12
.5
3
0.
35
4.
35
2.
58
3
N
R?
21
N
ev
er
ita
du
pl
ic
at
a
11
.8
9.
4
0.
21
N
R?
22
N
ev
er
ita
du
pl
ic
at
a
11
.6
5
10
.1
8
0.
25
2.
3
1.
25
3
N
R?
23
N
ev
er
ita
du
pl
ic
at
a
9.
22
7.
69
0.
16
3.
23
1.
79
2
N
R?
24
N
ev
er
ita
du
pl
ic
at
a
5.
67
4.
9
0.
17
N
R?
25
N
ev
er
ita
du
pl
ic
at
a
5.
72
4.
82
0.
2
1.
58
0.
57
4
N
R?
26
Te
ct
on
at
ic
a
pu
si
lla
4.
99
5.
61
0.
27
N
R?
27
N
ev
er
ita
du
pl
ic
at
a
5.
63
5.
11
0.
27
N
R?
28
Te
ct
on
at
ic
a
pu
si
lla
4.
17
4.
52
0.
22
N
R?
29
Te
ct
on
at
ic
a
pu
si
lla
4.
52
5.
1
0.
2
N
R?
30
N
ev
er
ita
du
pl
ic
at
a
4.
46
3.
78
0.
24
N
R?
31
N
ev
er
ita
du
pl
ic
at
a
3.
61
3.
18
0.
29
N
R?
32
N
ev
er
ita
du
pl
ic
at
a
3.
04
2.
5
0.
11
0.
96
0.
74
3
N
R?
33
N
ev
er
ita
du
pl
ic
at
a
3.
95
3.
25
0.
11
3.
72
73
33
155
Lo
ca
lit
y
D
at
e?C
ol
le
ct
ed
N
ea
r?3
4°
20
'N
?78
°0
5'
W
Fo
rm
at
io
n
m
m
m
m
m
m
m
m
m
m
Specimen
Genus
Species
Length
Height
Thickness
External ?Hole?Diameter
Internal ?Hole?Diameter
Hole?Sector
Notes
N
L?1
N
ev
er
ita
du
pl
ic
at
a
49
.1
5
46
.8
8
1.
01
N
L?2
N
ev
er
ita
du
pl
ic
at
a
11
.9
6
9.
18
0.
31
N
L?3
N
ev
er
ita
du
pl
ic
at
a
49
.9
2
45
.4
8
0.
92
N
L?4
N
ev
er
ita
du
pl
ic
at
a
45
.8
2
44
.8
7
0.
66
N
L?5
N
ev
er
ita
du
pl
ic
at
a
13
.0
8
9.
59
0.
4
3.
55
2.
06
4
N
L?6
N
ev
er
ita
du
pl
ic
at
a
27
.9
6
25
.1
4
0.
42
N
L?7
N
ev
er
ita
du
pl
ic
at
a
34
.7
3
36
.2
7
0.
92
N
L?8
N
ev
er
ita
du
pl
ic
at
a
51
.0
2
48
.5
4
0.
75
N
L?9
N
ev
er
ita
du
pl
ic
at
a
35
.3
9
31
.0
6
0.
82
N
L?1
0
N
ev
er
ita
du
pl
ic
at
a
31
.3
3
26
.9
9
0.
61
4.
94
2.
94
2
N
L?1
1
N
ev
er
ita
du
pl
ic
at
a
27
.9
1
22
.6
5
0.
82
N
L?1
2
N
ev
er
ita
du
pl
ic
at
a
30
.8
8
27
.2
2
0.
71
N
L?1
3
N
ev
er
ita
du
pl
ic
at
a
19
.7
4
15
.5
8
0.
59
4.
89
2.
87
4
N
L?1
4
N
ev
er
ita
du
pl
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